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INTRODUCTION AND SUMMARY OF 
THE DESIGN TEAM VISIT TO JORDAN 

1.1 INTRODUCTION 

Two Environmental  Research I n s t i t u t e  of Michigan ( E R I M )  s t a f f  

members v i s i t e d  Amman, Jordan, from December 15 th  t o  19th,  1985, i n  

o rder  t o  a s s i s t  t he  USAID/Mission t o  Jordan and the  Government o f  Jordan 

i n  p repar ing  a p lan  t o  increase the  use o f  remote sensing i n  p lann ing  

w i t h i n  t h e  government. The i r  m iss ion  and t h i s  r e p o r t  focus on t h e  

f o l l o w i n g :  

a rev iew o f  prev ious remote sensing a c t i v i t i e s  i n  Jordan, 

an ? v a l u a t i o n  o f  t h e  c a p a b i l  i t y  o f  t h e  Jo rdan  N a t i o n a l  

Geographic Center (JNGC) t o  adminis ter  a Remote Sensing Center 

(RSC), 

a l i s t  o f  p r i o r i t i z e d  developmental app l i ca t i ons .  P r i o r i t y  

a p p l i c a t i o n s  are those c o n s i s t e n t  w i t h  S A I D  coun t r y  develop- 

ment s t r a t e g y  fo r  Jordan and the  Jordan f ive-year p lan .  

recommendations on the  type o f  remote sensing technology bes t  

s u i t e d  t o  meet Jordan's developmental needs. 

a program fo r  app ly ing  the  rxommended technology i n c l u d i n g  

s t a f f  requirements, l e v e l s  and types o f  t echn i ca l  ass is tance 

and t r a i n i n g ,  and a d d i t i o n a l  equipment, 

a suggested schedule and budget f o r  the  recommended program. 

1.2 BACKGROUND 

The Kingdom o f  Jordan (KOJ) i s  a smal l  country ,  compr is ing an area 

o f  some 94,000 square k i lometers .  Therefore i t i s  p r a c t i c a l  and u s s f u l  

t o  produce in te rmed ia te  scale image and map products f o r  t he  e n t i r e  

count ry  from Landsat s a t e l l i t e  data.  The value o f  us ing  s a t e l l i t e  

images a t  these scales was understood by the  KOJ o f f  i c  i a1 s we met. 



F igu re  1 shows the  approximate cokerage o f  Landsat Thematic Mapper 

scenes over Jordan. A t  a  sca le  o f  1:100,000, each o f  t h e  e leven scenes 

may be d i v i d e d  i n t o  f o u r  subscenes as i l l u s t r a t e d  f o r  pa th  1721row 39, 

o r  i n t o  s i x teen  subscenes, i f  t h e  des i red  sca le  i s  1:50,000. Thus, 

country-wide image mapping a t  1 :100,000 sca le  cou ld  be accompl ished w i t h  

28-30 i c d i v i d u a l  sheets. Country-wide coverage a t  1:50,000 sca le  would 

be prov ided by  110-120 image maps. 

T h i s  r e p o r t  recommends t h a t  an irriage mapping program a t  these 

sca les  be pursued. Such a program would take  severa l  years t o  complete 

a f t e r  a1 1 t h e  necessary f a c i l i t i e s  and t ra i r l ed  s t a f f  are i n  p lace,  b u t  

it would p rov ide  immediate, useable products f o r  many users i n  J o r d m .  

The procedures f o r  conduct ing t h i s  program are descr ibed i n  t h i s  r e p o r t .  

1.3 PREVIOUS REMOTE SENSING PROGRAMS I N  THE KINGDOM OF JORDAN (KOJ) 

Remote sensing i n  Jordan has been l i m i t e d  p r i m a r i l y  t o  a e r i a l  

photographic a p p l i c a t i o n s .  Black and wh i te  a e r i a l  photos o f  t h e  e n t i r e  

coun t r y  at  scales 1:50,000 and 1:60,000 were acqui red between 1963 and 

1967. Black and wh i te  coverage o f  se lected areas a t  var ious  scales has 

been ob ta ined between 1943 and 1984. Th is  photography has been used f o r  

p roduc t ion  o f  topographic  maps and f o r  updat ing these maps. 

Al though da ta  f rom space-borne remote sensing systems such as 

Landsat and o the r  e a r t h  resources s a t e l l i t e s  have been obta ined repeat -  

e d l y  s ince 1972 t o  t h e  present,  ve ry  1 i t t l e  i s  i n  use i n  Jordan today. 

Previous experience w i t h  us ing  s a t e l l i t e  da ta  i n  Jordan i s  conta iqed i n  

a s ing le ,  l oca l l y - f unded  study (1979) i n  which a genera l i zed  minera l  

a t l a s  f o r  t h e  coun t r y  was prepared by  a f o r e i g n  c o n t r a c t o r .  A few poor 
I qua1 i t y  Landsat images were seen a t  the  Water A u t h o r i t y  o f  Jordan (WAJ) 

and the  Nat iona l  Resource A u t h o r i t y  (NRA). The l e v e l  and ex ten t  of 

s a t e l l i t e  da ta  a p p l i c a t i o n s  by  WAJ and NRA has been l i m i t e d  b y  t h e  poor 

q u a l i t y  o f  products a v a i l a b l e  t o  them. 
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FIGURE 1 .  KINGDOM OF JORDAN-THEMATIC MAPPER COVERAGE 



To the  bes t  o f  our  knowledge no Landsat Thematic Mapper (TM) d a t a  

has been in t roduced o r  appl i e d  i n  Jordan. Fur ther ,  t h e r e  i s  n e i t h e r  an 

i n - coun t r y  ccipabi 1  i t y  t o  prccess o r  analyze standard sate1 1  i t e  d i g i t a l  

data, nor i s  t h e r e  a  c a p a b i l i t y  t o  make h i g h  q u a l i t y  c o l o r  photographic  

p roduc ts  . 

1.4 JORDAN NATIONAL GEOGRAPHIC CENTER CAPABILITY TO ADMINISTER A REMOTE 
SENSING CENTER 

Jordan's  c u r r e n t  p lans  are t o  e s t a b l i s h  a  Remote Sensing Center 

(RSC) w i t k i n  t h e  JNGC (see Appendix A). The JNGC w i l l  p rov ide  o v e r a l l  

? o g i s t i c a l ,  admin i s t ra t i ve ,  t e c h n i c a l ,  f i n a n c i a l  and manpower suppor t  

f o r  t h e  RSC. JNGC s t a f f  and f a c i l  i t i e s  c u r r e n t l y  support  programs us ing  

b lack  and w h i t e  a e r i a l  photography, and t h i s  a c t i v i t y  p r o v i d x  t h e  JNGC 

w i t h  t h e  necessary foundat ion  o f  genetbic experience i n  remote sensing 

p r i n c i p l e s  and methods t o  b u i l d  a  v i a b l e  remote sensing program. 

However, we no te  t h e r e  i s  a  t echno log i ca l  gap between t h e  c l a s s i c a l  

e x p e r t i s e  t h a t  t h e  JNGC has accumulated through t h e  use o f  a e r i a l  photos 

and t h e  exper ience necessary f o r  conduct ing modern ope ra t i ona l  remote 

sensing programs, which i nc lude  processing, ana lyz ing  and app l y ing  da ta  

f r o m  spaceborne and a i r b o r n e  senso rs  i n  a d d i t i o n  t o  p h o t o g r a p h i c  

sy5tems. 

With app rop r i a te  t r a i n i n g ,  equipment, and da ta  p roduc ts  t h e  JNGC 

can e f f e c t i v e l y  admin is te r  a  remote sensing c e n t c r .  Adequate space f o r  

equ ipment ,  1  a b o r a t o r i e s ,  o f f  i c e s  and t r a i n i n g  has a l r e a d y  been 

a l l oca ted .  S t a f f  a t  t h e  JNGC are h i g h l y  mot iva ted  and possess e x p e r t i s e  

s u f f i c i e n t  t o  i n i t i a t e  t h e  recommended program. 

The proposed program i s  designed f o r  t he  RSC t o  f u n c t i o n  i n  two 

d i s t i n c t  ways. F i r s t ,  the  RSC cou ld  p rov ide  important  t e c h n i c a l  

c a p a b i l i t i e s  t o  t h e  JNGC, and secondly, t he  center  cou ld  ac t  as a  

c o o r d i n a t i n g  and t e c h n i c a l  ass is tance group t o  o the r  resource agencies 

i n  t he  cocn t r y .  D i r e c t  b e n e f i t s  t o  the  JNGC would be p r i m a r i l y  i n  

f a c i l  i t a t i n g  i t s  c u r r e n t  p l  an imet r i c  mapping a c t i v i t i e s .  With respec t  



t o  o t h e r  r e s o u r c e  agenc ies ,  t h e  R S C  can a r c h i v e ,  r e p r o d u c e ,  and 

d i s t r i b u t e  a v a i l a b l e  s a t e l l  i t e  da ta  (Landsat, SPOT, Meteosat and NOAA), 

and show how these da ta  can be e f f e c t i v e l y  used by  those agencies. 

1.5 ADVANTAGES OF DEVELOPING A RSC I N  JORDAN 

Current  and r e l i a b l e  i n fo rma t i on  i s  c r i t i c a l  t o  b e t t e r  dec i s i on  

making w i t h i n  developing coun t r y  agencies. There i s  and w i l l  c o n t i n u ~  

t o  be a demand f o r  b e t t e r  i n fo rma t i on  by p lanners i n  Jordan. Inforrila- 

t i o n  concerning resources and t h e  environment i s  t h e  u l t i m a t e  product  o f  

remote sensing technology.  Since t h e  Jordanian n a t i o n a l  government i s  

t h e  pr ime m o b i l i z e r  o f  resources f o r  development, i t  i s  a l so  l i k e l y  t o  

be t h e  p r i n c i p a l  user o f  such i n fo rma t i on  t h a t  would be prov ided by  t h e  

RSC. 

The q u a l i t y  and q u a n t i t y  o f  t h a t  i n fo rma t i on  w i l l  increase as 

Jordan's  remote sensing c a p a b i l i t y  develops and as new dats. become 

a v a i l a b l e .  Having a RSC i n  Jordan w i l l  a1 low t h e  cont inued development 

o f  t h e  c a p a b i l i t y  t o  use t h i s  i n fo rma t i on  b y  Jordanian s c i e n t i s t s  and 

d e c i s i o n  makers. 

f a c i l i t y  

a. 

b. 

C .  

d. 

e. 

Several  o ther  advantages o f  developing a modern remote sensing 

i n  Jordan ar2 as f o l l o w s :  

access t o  ground t r u t h  and t o  o the r  da ta  such as maps, a e r i a l  

photography and s t  a t  i s t  i c  a1 in fo rmat  i o n  a1 1 ows e f f e c t  i v e  use 

of  remote sensing products,  

access t o  user agenc i e s  enables t h e  generat i o n  o f  products 

bes t  s u i t e d  t o  KOJ needs, 

l o c a l  in te ragency  cooperat i o n  i s  enhanced and r e i n f o r c e d  by 

e s t a b l i s h i n g  a common data  base, 

reduced dependency on f o r ~ i g n  techn i ca l  e x p e r t i s e  w i l l  reduce 

the  demand f o r  f o r e i g n  exchange and enhance t h e  p ro fess iona l  

s t a t u r e  o f  the  JNGC, 

c e r t a i n  p r o p r i e t a r y  appl i c a t  i ons  may be conducted w i thou t  

f o r e i g n  involvement.  



F i n a l l y ,  many c u r r e n t  and planned orograms would b e n e f i t  f rom the  

products and se rv i ces  t h a t  a  nat ion i .1  RSC cou ld  p rov ide .  At each agency 

v i s i t e d  t h e r e  were s t a f f  e x p e r i e n c ~ d  w i t h  photo i n t e r p r e t a t  i o n  methods 

(see Appendix B ) .  They were eager t o  immediately app ly  s a t e l l i t e  

( e s p e c i a l l y  TM) da ta  t o  t n e i r  i n v e s t i g a t i o n s .  Agencies contacted were: 

a. Jordan Nat iona l  Geographic Center ( JNGC) 

b. M i n i s t r y  o f  P lann ing  (MOP) 

c  . Na t i ona l  Resource A u t h o r i t y  (NRA) 

d. Royal S c i e n t i f i c  Soc ie t y (RSS)  

e. Water A u t h o r i t y o f  Jo rda i  (WAJ) 

f. M i n i s t r y  of A g r i c u l t u r e  (MA) 

Due t o  1  i m i t e d  t ime we were unable t o  i d e n t i f y  and meet o ther  

p o t e n t i a l  users, bu t  our experience i n  o the r  c o u n t r i e s  encourages us t o  

suggest t h a t  t h e  f o l l o w i n g  x g a n  i z a t  i m s  would be impor tan t  users: 

a. U n i v e r s i t i e s ,  

b. M i n i s t r y  o f  Mun ic ipa l ,  Rural  and Environmental A f f a i r s ,  

c .  P r i v a t e  i n d u s t r y  conce rned  w i t h  a g r i c u l t u r e ,  m i n e r a l  

exp lo ra t i on ,  and 1  arge sc a1 e  engineer ing programs, 

d. M i n i s t r y  o f  Defense. 

1.6 SUMMARY OF RECOMMENDATIONS 

A  d e t a i  l e d  d e s c r i p t i o n  o f  recommendat ions, procedures and cos ts  f o r  

e s t a b l i s h i n g  a  RSC w i t h i n  t he  JNGC i s  prov ided i n  Chapters 2 and 3, and 

i s  summarized here. The RSC should be developed i n  t h r e e  phases over a  

t h ree  year pe r i od .  Each phase a l lows f o r  programmatic checks on how 

w e l l  t h e  RSC and i t s  serv ices  are performing, and prov ides  f o r  gracefu l  

growth o f  app rop r i a te  technology w i t h i n  t he  Jordanian environment. 

A f u l l  - t ime r e s i d e n t  t e c h n i c a l  adv isor  w i t h  q u a r t e r - t  ime backup 

support  i n  t h e  U.S. i s  considered key t o  t he  implementat ion o f  a l l  t h ree  

phases o f  t h i s  program. 



Phase I is comprised of two main activities. The overall objective 
of this phase is to develop an organization of trained experts who can 

manage a service oriented RSC, and who can effectively teach users to 

apply remote sensing data to their particular needs. Second is the 
production of an initial base of image products which are expected to be 
put to immediate use by the JNGC and other government agencies. 
Specific components of Ph.ase I are as follows: 

a. produce an initial data base, 
b .  train JNGC personnel in image and c o l ~ ~ .  photographic 

processing, 

c. provide instructor training in resource applications, 

d. design the Phase I1 and Phase I11 image processing facil ity. 

The budget for Phase I is approximately $550K*. 

Phase I1 is concerned with development of a RSC capability to inde- 
pendently process and analyze remote sensing data. New equipment wi 1 1  
be introduced and the expertise to use and maintain that equipment will 
be developed. Emphasis will be placed on developing a color photo- 
graphic laboratory and the basic elements of an image processing 

facility. Specific components of Phase I1 are: 

a. establ i sh color photographic 1 abor atory, 

b. establish basic (PC-type) image processing facility, 

c . conduct workshops/management seminars in Amman, 

d. provide new image products, 
e. provide new interpretation equipment and supplies. 

The budget for Phase I1 is approximately $740K. 

Phase I11 is devoted to expanding of the image processing facility 
as needs demand. An upgraded computer and additional per i pher a1 

equipment will be instal led, enabling the RSC to produce high-qua1 ity, 

* 
Refer to Section 3.5 for Cost Details. 



1 arge-scale image products and t o  support sophi s t  ica ted data analysi  s  

needs. Spec i f ic  components o f  Phase 111 are: 

a. upgrade t h e  image p rocess ing  f a c i l i t y  t o  N i c r o  VAX I 1  
conf igura t ion,  

b.  add high q u a l i t y  f i l m  recording capabi l  i ty,  

c .  conduct image processing f a c i l i t y  t r a i n i n g  i n  Amman, 

d. conduct maintenance t r a i n i n g  a t  vendor s i tes ,  

e. provide on-ca l l  support v i s i t s  (4)  by experts ( op t i ona l ) .  

The budget f o r  Phase 111 i s  approximately $830K. 



2 

RECOMMENDATIONS 

The proposed program is organized into three, one-year phases to 
provide orderly, systematic development of the RSC. The RSC will 

achieve increasingly sophisticated levels of institutional capability as 

each phase is completed. At the end of Phase I (12 months after program 
start-up) the RSC will possess a basic institutional capability for 
contributing to development planning in Jordan with remote sensing 
technology. Completion of Phase I1 (24 months after start-up) will 
increase the center's capability to generate its own data products to 
satisfy more varied user demands. By the end of Phase I11 (three years 
after start-up) the RSC will be a self-sufficient institution with all 
the capabilities normally associated with a modern remote sensing 
center. 

2.1 RSC ORGANIZATION (PHASE I) 

We recommend that a RSC be developed within the JNGC (Figure 2). 
This RSC should be guided by an advisory committee headed by the 
Director General of the JNGC. The committee will establish p ~ l  icy 
guidelines and give overall direction to the RSC. The Managing Director 
of the RSC should be the secretary of this committee so as to facil itate 
communication between the committee and the RSC. The committee will be 
comprised of high level representatives from a1 1 user agencies, 

including: the Ministry of Planning, Ministry of Agriculture, National 

Resource Authority, Water Authority of Jordan, and the Ministry of 
Municipal, Rural, and Environmental Affairs. 

In all phases a full-time U.S. technical advisor should be assigned 
to work with the Managing Director and RSC staff. The advisor will help 
to promote institutional ties, plan and implement facility growth, and 
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GEOGRAPHIC CENTER 
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mon i to r  t h e  RSC development program. The advisor  w i l l  coord ina te  

f o r e i g n  c o n t r a c t o r  ass is tance and serve as team leader  o f  a l l  U.S. 

consu l tan ts  t o  the  p r o j e c t .  

The Managing D i r e c t o r  o f  t h e  RSC oversees ope ra t i on  o f  t h e  t h r e e  

d i v i s i o n s  o f  t h e  Center, those be ing  t h e  Image Processing F a c i l i t y  

( IPF) ,  User Services, and a Photographic Laboratory.  Between 14 and 1 6  

persons w i l l  s t a f f  t h e  RSC. Since a b lack  and wh i te  photographic 

l a b o r a t o r y  a l ready  e x i s t s  i n  t h e  JNGC, t h e  Managing D i r e c t o r  would be 

conce rned  w i t h  t h e  o p e r a t i o n s  o f  a  s p e c i a l i z e d  u n i t  f o r  c o l o r  

processing.  Both t h e  IPF and t h e  Photo l a b  w i l l  have managers t o  

superv ise  opera t ions  on a day-to-day bas i s .  The main r o l e  o f  t h e  

Managing D i r e c t o r  w i l l  be t o  superv ise the  a c t i v i t i e s  o f  User Serv ices.  

Th i s  i s  t h e  most important  p a r t  o f  t h e  RSC because i t  serves as t h e  

i i i t e r f a c e  between t h e  users conduct ing remote sensing a p p l i c a t i o n s  and 

t h e  resources o f  t h e  RSC. 

The User Serv ices D i v i s i o n  i s  comprised o f  f i v e  sec t ions .  The 

t r a i n i n g  sec t ion ,  l e d  b y  a coo rd ina to r ,  prov ides t r a i n i n g  serv ices  f o r  

b o t h  t h e  JNGC s t a f f  and f o r  user agency personnel.  T r a i n i n g  s t a f f  are 

a p p l i c a t i o n s  s c i e n t i s t s  from t h e  i n t e r p r e t a t i o n  sect  ion, car tographers,  

s t a f f  of t h e  IPF, and expe r t s  from o the r  government agencies. Exper ts  

f rom these o rgan i za t i ons  w i l l  p a r t i c i p a t e  i n  t h e  i n i t i a l  t r a i n i n g  we 

recommend au r i ng  the  f i r s t  and second year o f  t h e  program. 

The i n t e r p r e t a t  i o n  sec t  i o n  appl i e s  remote sensing da ta  t o  p r o j e c t s  

o f  t he  JNGC and user agencies. The s t a f f  o f  t h i s  se:tion w i l l  be 

engineers and ea r th  s c i e n t i s t s  l e d  by  a sen io r  s c i e n t i s t .  The i r  exper- 

t i s e  should be s u f f i c i e n t l y  genera l i zed  t o  enable them t o  r e l a t e  remote 

sensing technology t o  a wide range of a p p l i c a t i o n s  i n  cartography, s o i l  

surveys, environmental  s tud ies ,  a g r i c u l t u r a l  s tudies,  h y d r o l o g i c a l  

issues, geologic  mapping and minera l  exp lo ra t i on ,  and l and  use c l a s s i f i -  

c a t i o n .  I n t e r p r e t a t i o n  s t a f f  w i l l  n o t  always be the  p r o j e c t  managers 

bu t  t h e y  should be able t o  f a c i l i t a t e  i n v e s t i g a t i o n s  and apprec ia te  t h e  



concerns o f  users f rom o u t s i d e  t h e  JNGC. F i e l d  i n v e s t i g a t i o n s  are 

supported by  t h i s  sec t i on .  The JNGC i s  a l ready  w e l l  equipped f o r  such 

surveys. 

The Data D i s t r i b u t i o n  Sec t ion  i s  respons ib le  f o r  access t o  remote 

sensing d a t a  b y  a1 1 users.  A geographer i s  recommended t o  be i n  charge 

o f  t h e  s e c t i o n  because a broad background i s  necessary i n  o rder  t o  

r e 1  a te  da ta  and RSC resources t o  d i v e r s e  appl i c a t i o n s .  Th is  s e c t i o n  i s  

a l s o  respons ib le  f o r  p r i c i n g  i f  s e r v i c e  fees  are requ i red .  

The Arch ive  Sec t ion  con ta ins  f i l e s  o f  images, maps, and reproduc-  

i b l e  m a t e r i a l s  organized f o r  easy access. Usual ly ,  m u l t i p l e  cop ies  o f  

f r e q u e n t l y  used images are f i l e d  so t h a t  user reques ts  can be prompt ly  

f i l l e d .  P u b l i s h e d  maps s h o u l d  be a v a i l a b l e  t o  f a c i l i t a t e  t h e  
i n t e r p r e t a t i o n  o f  images. 

Cartography i s  one o f  t h e  major a c t i v i t i e s  o f  t he  JNGC and maps are 

a r o u t i n e  product  o f  da ta  appl i c a t i o n s .  

The f o l l o w i n g  JNGC s t a f f ,  some w i t h  engineer ing backgrounds, should 

be considered app rop r i a te  f o r  t h e  f o l l o w i n g  p o s i t i o n s  i n  t h e  RSC: 

a. Managing D i r e c t o r  ( 1 )  

b.  IPF Manager ( 1 )  

c .  System opera tor  (1) 
d. Appl i c a t i o n  s c i e n t i s t  (1) 

Candidates f o r  long  term t r a i n i n g  are those who w i l l  occupy 

managerial  o r  supe rv i so ry  p o s i t i o n s  a t  t h e  RSC such as: 

a. Managing D i r e c t o r  

b.  IPF Manager 

c .  Ch ie f  o f  t h e  Photographic Laboracory 

d .  Senior A p p l i c a t i o n  S c i e n t i s t  

Long term t r a i n i n g  may i nc lude  a j raduate  academic program i n  

remote sensing (MS o r  PhD) o r  i n  a d i s c i p l  i n e  i n v o l v i n g  tk  a p p l i c a t i o n  



o f  remote sensing. However, on-the-job t r a i n i n g  should be an important 

component o f  a long term program. 

2.2 INITIAL DATA BASE (PHASE I )  

To s t a r t  a RSC, JNGC should obta in  an i n i t i a l  set  o f  Landsat TM 

images and f i l m  transparencies o f  the e n t i r e  country and d i s t r i b u t e  

copies t o  user agencies such as the NRA, MOP, MA, WAJ, and others (see 

Appendix C). These images w i l l  meet immediate needs f o r  cur rent  data, 

and estab l  i sh  a common data set (mapping base) f o r  these agencies. Such 

images are ava i l  able from var ious commerci a1 organizat ions i n  t he  U.S. 

and could be processed i n  conjunct ion w i t h  on-the-joh t r a i n i n g  f o r  JNGC 

s ta f f .  The transparencies may be used f o r  product ion o f  paper p r i n t s  by 

t h e  proposed co lo r  photographic processing laboratory .  

These images could be used f o r  a number o f  p ro jec ts  which are 

l i s t e d  below. These p ro j ec t s  are discussed i n  greater  d e t a i l  i n  

Sections 2.9.1 through 2.9.5. 

a. Updating o f  1:50,000 and 1:250,000 - scale topographic maps by 

t he  JNGC. 

b. Land use c l ass i . f i ca t i on  by t he  M i n i s t r y  o f  Planning. 

c. So i l  surveys a t  1:250,000 and 1:50,000 scale by t he  M i n i s t r y  of 

Agr icu l ture .  

d. Geologic mapping a t  1:50,000 scale by the  NRA. 

e. Hydrologic mapping by the Water Au thor i t y  o f  Jordan. 

2.3 TRAINING (PHASE I) 

Tra in ing sessions f o r  JNGC/RSC s t a f f  should be i n i t i a t e d  i n  con- 

j unc t  i on  w i th  processing the above mentioned image product s. Trainees 

w i l l  p a r t i c i p a t e  i n  the product ion o f  images using systems s i m i l a r  t o  

those t o  be i n s t a l l e d  at the JNGC dur ing Phase 111. Also, instructor .  

t r a i n e e s  w i l l  use t h e  images f o r  appl  i c a t i o n s  o r i e n t e d  t r a i n i n g .  

Severa l  photo  t e c h n i c i a n s  w i  11 be t r a i n e d  i n  c o l o r  pho tog raph i c  

processing technology. 



2.4 COLOR PHOTOGRAPHIC LABORATORY (PHASE I I )  

Develop a co lo r  photographic laboratory a t  the  JNGC. There i s  no 

co l o r  photographic processing f a c i l i t y  i n  t h e  KOJ capable o f  producing 

h igh  qua1 i t y  products. Composite co lo r  transparenc Ses prepared e a r l  i e r  

shou ld  be a v a i l a b l e  a t  t h e  RSC c o l o r  l a b  f o r  r e p r o d u c t i o n  and 

d i s t r i b u t i o n  t o  a growing user community. These image products w i l l  

s a t i s f y  an t i c ipa ted  user requirements u n t i l  t he  JNGCIRSC has developed 

i t s  own image processing capabi l  i t y .  

2.5 WORKSHOPS/MANAGEMENT SEMINARS (PHASE I I )  

Workshops on remote sensing app l ica t ions t o  spec i f i c  resource and 

planning inves t iga t ions  should be conducted i n  Jordan. Local seminars 

o f  shorter  dura t ion should be arranged f o r  management l e v e l  personnel 

from the  var ious user agencies i n  the KOJ o r  the  user agency. These, 

workshops and seminars w i l l  serve t o  sens i t i ze  users t o  the  appl i ca t i ons  

o f  remote sensing. 

2.6 IMAGE PROCESSING FACILITY (PHASES I 1  AND 111) 

Develop an image processing f a c i l i t y  (IPF) i n  the JNGC. An o f f -  

the-she l f  micro-computer based IPF w i l l  be i n s t a l  l ed  dur ing Phase I I. 

This micro-computer based system would cons is t  o f  a stand-alone micro 

processor, tape dr ive ,  coordinate d i g i t i z e r ,  and hard copy ( i n k - j e t )  

p r i n t e r .  It w i l l  inc lude f u l l y  tes ted and documented software for  

performing p r a c t i c a l  d i g i t a l  image processing and geographical data 

manipulat ion funct ions.  It w i l l  a l low t he  RSC t o  custom process and 

produce enhanced images from standard sate1 1 i t e  data computer compatible 

tapes (CCTs) . It w i l l  a lso a1 low exposure o f  the  s t a f f  t o  a modern 

d i g i t a l  G I s  capab i l i t y ,  which combines and d isp lays geographical ly-  

referenced inforrnat ion from a v a r i e t y  o f  sources and scales. 



Whi le such a f a c i l i t y  a l lows a f u l l  range o f  d i g i t a l  processing 

func t ions ,  t h e  memory-size 1 i m i t a t i o n s  o f  micro-based systems r e s t r i c t s  

processing t o  an area o f  approx imate ly  410 square m i l e s  f o r  Landsat MSS 

da ta  and 1@0 square m i l e s  f o r  Landsat TM data.  

Such a f a c i l i t y  has many p r a c t i c a l  advantages f o r  Jordan and 

performs a va luab le  t r a i n i n g  f u n c t i o n  f o r  t h e  RSC s t a f f .  The major  

components of t h i s  system can be used i n  t h e  l a r g e r  f a c i l i t y  designed 

f o r  Phase I 1 1  o f  t h i s  p r o j e c t .  

The ac tua l  des ign and p lann ing  f o r  t h e  more advanced Phase I 1 1  IPF 

w i l l  be implemented du r i ng  Phase I. However, t he  advanced IPF would be 

t h e  l a s t  component o f  t h e  RSC t o  be i n s t a l l e d .  Th i s  w i l l  ensure t h a t  

(1) a p p r o p r i a t e l y  t r a i n e d  s t a f f  are a v a i l  ab le t o  operate t h e  f a c i l i t y ,  

( 2 )  a w e l l - o r i e n t e d  user group has been developed through workshops and 
a p p l i c a t i o n  p r o j e c t s ,  and (3)  a c o l o r  photographic l a b  i s  i n  p lace  t o  

produce t h e  qua1 i t y  products generated by t h e  advanced IPF. A 1 i s t  o f  

des i red  ou tpu ts  f rom t h e  IPF i s  i n  Appendix D. 

2.7 ACQUIRE NEW IMAGE PRODUCTS (PHASE 11) 

New images o r  new types o f  da ta  products from d i f f e r e n t  s a t e l l i t e s  

w i l l  be in t roduced as the  p r o j e c t  develops. 

2.8 ACQUIRE NEW INTERPRETATION EQUIPMENT AND SUPPLIES (PHASE I I )  

The JNGC possesses much o f  t h e  equipment necessary f o r  manual 

i n t e r p r e t a t i o n  o f  remote sensing data.  However, a d d i t i o n a l  map cases, 

1 i g h t  tab les ,  spare p a r t s  and t h e  l a t e s t  model zoom t r a n s f e r  scope may 

prove necessary. It i s  a lso  l i k e l y  t h a t  e x i s t i n g  equipment w i l l  r e q u i r e  

r o u t i n e  maintenance and p a r t s  rep1 acement. 

2 a!' DATA APPLICATIONS (PHASES I- I I I )  

A1 1 resource  agencies are conduct ing important  programs us ing  

geographical  i n fo rma t  ion.  Th i s  sect  i o n  summarizes t h e  in fo rmat  i o n  

presented t o  t h e  team du r ing  t h e  one week v i s i t  t o  Jordan. A more 



thorough e v a l u a t i o n  would be r e q u i r e d  t o  p r i o r i t i z e  a c t i v i t i e s  most 

s u i t e d  t o  proven s a t e l l i t e  a p p l i c a t i o n s .  It i s  l i k e l y  t h a t  some 

s i g n i f i c a n t  programs o r  appl i c a t  ions  are no t  adequately presented here  

due t o  t h e  b r e v i t y  o f  t he  team's v i s i t .  However, these a p p l i c a t i o n s  are  

i l l u s t r a t i v e  o f  t h e  many candidates f o r  us ing  remote sensing data.  They 

are  l i s t e d  under t o p i c a l  headings as f o l l o w s :  

2.9.1 AGRICULTURE 

a. S o i l  survey - t h e  M i n i s t r y  o f  A g r i c u l t u r e  has proposed a  s o i l  

mapping program a t  t h r e e  l e v e l s  o f  d e t a i l  t o  be accomplished 

over  a  66 month pe r i od .  The f i r s t  and second l e v e l s  o f  

r e g i o n a l  mapping (1:250,000 s c a l e  and 1:50,000 s c a l e  

r e s p e c t i v e l y )  c o u l d  be completed i n  l e s s  t ime  and a t  l e s s  c o s t  

i f  TM c o l o r  images were used i ns tead  o f  a e r i a l  photography. 

Some o f  t h e  reasons f o r  making t h i s  c l a i m  are: 

- TM coverage f o r  t h e  e n t i r e  c o u n t r y  can be acquired, p ro -  

cessed, and d i s t r i b u t e d  w i t h i n  6 months, w h i l e  comparable 

c o l o r  a e r i  a1 photography would r e q u i r e  severa l  years f o r  

a e r ' a l  s u r v e y  d e s i g n ,  c l e a r a n c e s ,  s e l e c t i n g  a  vendor ,  

a c q u i r i n g  t h e  coverage, processing the  f i l m ,  p r i n t i n g  t h e  

photos and f i n a l l y  d i s t r i b u t i n g  them t o  the  M i n i s t r y  o f  

A g r i c u l t u r e .  

- TM images serve as an accurate p l  an ime t r i c  comp i l a t i on  base 

a t  t h e i r  p r i n t e d  scales.  

- TM d a t a  may be processed t o  c rea te  images w i t h  maximum 

c o n t r a s t  enhancement o f  sur face  i n fo rma t i on .  

- TM d a t a  a l l o w  an o p p o r t u n i t y  t o  obse rve  t e r r a i n  i n  

a d d i t i o n a l  . spec t ra l  . bands n o t  a v a i l  ab le from normal a e r i a l  

photography. 

It w i l l  s t i l l  be necessary t o  o b t a i n  a  smal l  number o f  a e r i a l  

photographs t o  compl e t e  Level  I 1  I, 1 :10,000 sca le  mapping. 



T h i s  coverage cou ld  be acqui red du r i ng  the  t ime t h a t  Level I 

and I1  mapping are i n  progress.  

b. Nat iona l  i nven to ry  o f  t o t a l  area under c u l t i v a t i o n  - t h i s  

p r o j e c t  cou ld  be undertaken annua l ly  i n  o rder  t o  determine 

changes i n  t h e  area o r  e x t e n t  o f  p a r t i c u l a r  c rops  such as 

bar1 ey  o r  wheat. 

c .  Nat iona l  i nven to ry  o f  f o r e s t  resources - c u r r e n t  government 

p rograms t o  r e f o r e s t  l a r g e  a reas  can be m o n i t o r e d  u s i n g  

r e p e t i t i v e  TM d a t a  cover age. 

d.  I n v e n t o r y  o f  range resources - l a r g e  areas o f  Jordan are used 

a l m o s t  e x c l  u s  i v e l y  f o r  g r a z i n g  . N a t u r a l  v e g e t a t i o n  and 

, associated landforms can be i d e n t i f i e d  b y  ground t r u t h  surveys 

and then mapped on TM image products.  

2.9.2 CARTOGRAPHY 

a. Updat ing c u l t u r a l  f e a t u r e s  on 1:50,000 sca le  and 1:250,000 

sca le  topographic  maps - t h e  JNGC needs recen t  (1984-1985) TM 

images f o r  u p d a t i n g  g e o g r a p h i c  i n f o r m a t  i o n  on p r e v i o u s l y  

pub1 ished maps. A t o t a l  o f  192 maps a t  1:50,000 sca le  cover 

t h e  coun t r y  o f  which 60 are scheduled t o  be rev i sed .  Landsat 

TM images a t  1:50,000 sca le  can be produced t o  match t h e  format  

of these 15 x 15 minu te  quads. TM d c t a  are w e l l  s u i t e d  f o r  

d e t e c t i o n  and mapping o f  se t t lements  down t o  v i l l a g e  s ize,  

roads, t racks ,  a g r i c u l t u r e ,  p ipe1 ines, and o the r  express ions of 

human a c t i v i t y .  Image products serve bo th  as an i n t e r p r e t a t i v e  

t o o l  and as a  p l a n i m e t r i c  comp i l a t i on  base. 

2.9.3 GEOLOGY 

a. Geologic mapping - t h e  Nat iona l  Resource A u t h o r i t y  (NRA) i s  

c u r r e n t l y  comp i l i ng  155 geo log ic  maps a t  1:50,000 sca le .  Th i s  

p r o j e c t  would be exped i ted  i f g e o l o g i s t s  have access t o  TM 

images. The Themat ic  Mapper was d e s i g n e d  w i t h  g e o l o g i c  



in te res t s  in mind. Rock units,  s t ructural  features and a 
var iety of other geologic data are eas i ly  discriminated on TM 

images. The NRA i s  current ly using black and white aer ial  

photograpy which 1 imits the amount of information tha t  can be 

interpreted and compiled and increases the amount of time spent 

in the f i e l d .  In addition t o  1:50,000 scale mapping, the NRA 

has a need for images and mosaics a t  smaller scales for 
regional maps. 

The NRA i s  planning t o  ins ta l l  a map production f a c i l i t y  which 
may include an I P F .  I t  i s  our understanding tha t  t h i s  proposed 
ins ta l la t ion  will n o t  be a national service f a c i l i t y ,  b u t  will 

be for  NRA use only. If the JNGCIRSC acquires a l l  the 

resources we describe in t h i s  report ,  then i t  will be necessary 

t o  coordinate th i s  development e f fo r t  with the NRA in order t o  

avoid expensive duplication by the NRA. The JNGCIRSC will be 

able t o  provide CCTs t o  the NRA, and reproduce in bulk quantity 

hardcopy of images i n i t i a l l y  identified as useful on the NRA 

system. 

b. Mineral exploration - TM data can aid in detecting indicators 
of mineral occurrences such as phosphates or possible foss i l  
fuel deposits in the Jordanian panhandle. 

2.9.4 HYDROLOGY 

a. Drainage maps - the Water Authority of Jordan needs TM images 

f o r  d e t e c t i n g  f e a t u r e s  which suggest e x p l o i t a b l e  water 
resources and/or which benefit conservation measures. Many of 

the i r  current programs t o  map surf ic i  a1 drainage networks, 
seasonal vegetation, and geomorphic features associated with 
the recharge of aquifers could benefit from using large scale 
s a t e l l i t e  image d a t a .  Spec ia l ly  processed TM images t o  
accentuate structural information relevant to  determinat ion of 
watersheds and drainage systems would prove very useful. 



2.9.5 PLANNING 

a. Land use11 and cover maps - Ministry of Planning staff expressed 
a desire for immediate access to large scale images in support 

of national land use mapping programs. In addition, local site 
and infrastructure development projects were a1 so h ighl ighted 
as tasks where current image data would be extremely valuable. 



3 

PROGRAM AND BUDGET 

3.1 INTRODUCTION 

ERIM has helped several nations develop national remote sensing 

centers (Egypt, Peru, Nepal). While each center has its own structure 

and operat ion in response to unique requirements and opportunities, most 

centers have certain capabil ities and structures in common. The program 

recommended for Jordan contains the basic elements which may be modified 
over t ime. 

The recommended program will require a serious commitment of 
personnel and resources by the participating KOJ agencies. The long 
term success of the RSC will be measured by its support for and 
involvement in applications of remote sensing. If the JNGCIRSC fails to 
support the user community then the RSC will, at best, only serve 

internal JNGC needs. These needs are not sufficient to justify 

development of the kind of facility described in this report, and the 

RSC will not make a significant contribution to development in the KOJ. 

Participating government agencies, starting with those represented 

on the RSC Advisory Committee, should make a commitment to learn and use 
remote sensing data. A knowledgeable user community is essential to the 
success of this RSC. Providing images to the user community is only the 
first stage in the development of the RSC. There is a long period 

thereafter which requires users to be trained so that they can eventu- 

al ly successful ly interface with the proposed JNGC image processing and 

anaiysis faci 1 ity. Manpower is the main commitment. 

Key personnel will have to be identified and then assigned to the 

project in order to participate in the training activities outlined 

herein. Imp1 ementat ion schedules for the three year program are 

provided in Figures 3, 4, and 5. 



A C T I V I T Y  

F u l l  Time Resident Advisor 

Program Reviews 

Organize RSC 

Advisory Cormittee Establ ishes 
Mapping P r i o r i t i e s  

Order - Receive CCTs 

N 
IPF Tra in ing  and I n i t i a l  Data 

N Base Product ion 

I n s t r u c t o r  T ra in ing  

Design Study f o r  Phase I 1  and 
Phase I 1 1  IPF and Photo Lab 

TDY S p e c i a l i s t  - Jordan 

Prepare Report 

USAIDIJNGC Review 
Phase I 1  and Phase 111 Plan 

I -1 

Contractor F a c i l i t y  

I Contractor 
F a c i l i t y  

I 

FIGURE 3. IMPLEMENTATION SCHEDULE FOR PHASE IIYEAR 1 



A C T I V I T Y  

Fu l l  Time Resident Advisor 

Program Reviews 

Applications Workshops/Uanagement 
Seminar i n  Aaman 

Prepare RSC Yorkspace 

Order Equipment f o r  IPF and Color 
Photo Lab 

Crate and Ship t o  A m M n  

In tegra te  and Test i n  h n  

FIGURE 4. IMPLEMENTATION SCHEDULE FOR PHASE II/YEAR 2 





Each element o f  t h i s  proposed program r e q u i r e s  f u r t h e r  considera-  

t i o n  before a f i n a l  p lan  i s  prepared and i n i t i a t e d .  ERIM be l i eves  t h a t  

i t  w i l l  t ake  3 years t o  b u i l d  an ope ra t i ona l  cen te r  -- one capable o f  

genera t ing  i t s  own program and suppor t ing  KOJ resource agencies w i thou t  

o u t s i d e  help.  Dur ing  these 3 years it w i l l  be necessary t o  have 

c o n t r a c t o r  support  f o r  t h e  cen te r  i n  t h e  form o f  a r e s i d e n t  techn ic61 

advisor ,  home o f f i c e  support, and v i s i t i n g  consu l tan ts .  

Fore ign spec ia l  i s t s  w i l l  p rov ide  up- to-date e x p e r t i s e  which does 

n o t  e x i s t  i n  J o r d a n  a t  t h i s  t i m e .  We be1 i e v e  t h a t  t h e r e  a r e  

d e f i c i e n c i e s  i n  t h e  f o l l o w i n g  f i e l d s  a t  t h e  JNGC, a l l  o f  which are  

r e l e v a n t  t o  e s t a b l i s h i n g  a v i a b l e  RSC: 

a. Computer systems engineer ing,  

b. Computer programming and sof tware development 

c. Color photographic  processing, 

d. A p p l i c a t i o n s  technology.  

The $2.122 m i l l  i o n  c o s t  est imated i n  t h i s  r e p o r t  (Sec. 3.5) f o r  a 3 

year program may be t o o  low. I n  Nepal, a s i m i l a r  USAID-supported 

f a c i l i t y  was developed f o r  $2.4 m i l l i o n  over a 54 month pe r i od .  I n  

Egypt a USAID development program f o r  a RSC has been underway fo r  over a 

decade and t h e  c o s t  has been severa l  m i l l i o n  d o l l a r s .  I n  Peru the  cos t  

f o r  a USAID RSC amounted t o  about $3 m i l l  ion, spent over a t h r e e  year 

per iod .  

When developing p lans  f o r  an Image Processing F a c i l i t y  ( IPF) f i r s t  

we determine t h e  types  o f  image products o r  ou tpu t  requ i red ;  second, we 

determine t h e  k inds  o f  sof tware needed t o  meet ou tpu t  requirements; and 

t h i r d ,  we i d e n t i f y  hardware components t h a t  are bes t  s u i t e d  t o  opera te  

appropr ia te  software and generate the  des i red  products.  Development of 

t h e  IPF i nvo l ves  two 1 eve l s  o f  micro-computer capab i l  i t y .  The i n i t i  a1 

phase uses a stand-alone PC based system and pe r i phe ra l s .  The second 

phase enhances the  i n i t i a l  c a p a b i l i t y  by  adding a second, more powerfu l  

micro-computer. The PC then becomes a smart - terminal  f o r  t h e  l a r g e r  



micro-computer. Appendix D i s  a 1 i s t  o f  t h e  IPF processing c a p a b i l i t y  

necessary t o  produce produc ts  r e q u i r e d  b y  t h e  user community. Appendix 

E l i s t s  Phase I 1  and I 1 1  image processing and ana l ys i s  system cha rac te r -  

i s t i c s .  The c o l o r  photographic  l a b  c a p a b i l i t i e s  a re  l i s t e d  i n  Appendix 

F. Photo l a b  system c h a r a c t e r i s t i c s  are l i s t e d  i n  Appendix G .  

3.2 TRAINING 

The o b j e c t i v e  o f  t r a i n i n g  i s  t o  develop a cadre o f  exper ts  who w i l l  

ma in ta in  ope ra t i on  o f  t h e  RSC, and who can s t i m u l a t e  user awareness and 

appl ' i ca t i ons  f o r  RSC d a t a  p roduc ts  and serv ices .  T h i s  o b j e c t i v e  cou ld  

be accomplished w i t h i n  a pe r i od  o f  two years b y  p rov id ing :  (1) on-the- 

j o b  t r a i n i n g  i n  t h e  U.S. and Amman, ( 2 )  t r a i n i n g  f o r  J o r d a n i a n  

s p e c i a l i s t s  who would o rgan ize  and present  workshops and seminars i n  

Jordan, and ( 3 )  c o n t r a c t o r  ass is tance t o  suppor t  workshops and seminars 

and t o  conduct speci  a1 advanced t r a i n i n g  a c t i v i t i e s .  Major elements of 

t h i s  program are discussed i n  t h e  f o l l o w i n g  sec t i ons .  

3.2.1 IPF TRAINING (PHASE I )  

To o b t a i n  t h e  s k i l l s  needed t o  manage and opera te  t h e  IPF, €RIM 

recommends t h a t  t h e  RSC s t a f f  o b t a i n  t r a i n i n g  f i r s t  us ing  a c o n t r a c t o r s  

IPF, and l a t e r  i n  Amman us ing  t h e  PC based RSC IPF. S t a f f  w i l l  be 

t r a i n e d  t o  operate t h e  more advanced IPF system (Phase 111). The RSC 

s t a f f  would have hands-on use o f  t h e  c o n t r a c t o r  IPF t o  generate, as a 

t r a i n i n g  p r o j e c t ,  some o f  t h e  Landsat images needed by  users i n  Jordan. 

Experience shows t h a t  t h e  bes t  method o f  teach ing  image ana l ys i s  

and processing techniques i s  b y  on- the- job t r a i n i n g ,  as opposed t o  an 

e x c l u s i v e l y  c l  assroom-oriented approach. On-the-job t r a i n i n g  would 

focus on s p e c i f i c  p r o j e c t s  w i t h  concrete goals  r a t h e r  than " l a b o r a t o r y "  

exerc ises .  The se lec ted  p r o j e c t s  should be o f  s u f f i c i e n t  scope bo th  t o  

exe rc i se  most o f  t h e  system and t o  con t inue over a s u f f i c i e n t  p e r i o d  o f  

t ime  fo r  re in fo rcement  through r e p e t  i t  ion.  The t r a i n  i n g  methodology 

would be i n i t i a t i o n  o f  t h e  work b y  c o n t r a c t o r  personnel w i t h  RSC 



personnel observing, w i t h  a  cont inua1 t r a n s i t i o n  t o  RSC personnel 

per fo rming  t h e  work w i t h  c o n t r a c t o r  personnel observ ing and adv i s ing .  

We suggest t h a t  t h e  f o l l o w i n g  m a t e r i a l s  be generated b y  t h e  RSC 

t r a i n e e s  du r i ng  an on- the- job t r a i n i n g  p r o j e c t  a t  t h e  c o n t r a c t o r ' s  

f a c i l i t y .  

a. a  Jordan image-mosaic a t  1:500,000 scale.  

b. 1:250,000 sca le  f a l s e  c o l o r  images f o r  each o f  t h e  e leven (11)  

scenes needed t o  cover t h e  coun t r y  ( r e f e r  t o  F igu re  1 ) .  

c . 1:100,000 sca le  images cover ing  t h e  coun t r y  t;ith associated 

d i g i t a l  t ape  f i l e s .  

d. 1:50,000 sca le  images o f  t h ree  ( 3 )  se lec ted  areas. 

e. 1:100,000 sca le  c o l o r  coded l acd  c o v e r l l a n d  use images, d i g i t a l  

tape  f i l e s ,  area1 t a b u l a t i o n s  f o r  t h r e e  ( 3 )  se lec ted  areas. 

Copies o f  these images should be d i s t r i b u t e d  immediately by  t h e  

JNGC/RSC t o  user agencies hav ing  t h e  g rea tes t  need and used again 1  a t e r  

i n  workshops and seminars i n  Jordan. 

Th is  t r a i n i n g  p e r i o d  w i l l  t ake  about s i x  months, depending upon t h e  

number o f  t r a i n e e s  i nvo l ved  and t h e i r  l e v e l  o f  q u a l i f i c a t i o n .  Dur ing 

t h i s  s i x  month p e r i o d  t h e  f o l l o w i n g  RSC s t a f f  should be t r a i n e d  a t  t h e  

U.S. c o n t r a c t o r ' s  f a c i l i t y .  

a. Proposed manager o f  t he  IPF 

b. One o r  two system opera tors  

c. One computer systems engineer 

d. One o r  two photo l a b  s p e c i a l i s t s  

The IPF course would be t a i l o r e d  t o  t r a i n  RSC s t a f f  i n  t h e  computer 

ass is ted  i n t e r p r e t a t i o n  o f  Landsat (sa te1  1  i t e )  data, generat i o n  o f  

d i g i t a l  da ta  bases f rom .Landsat, a e r i a l  photography and map sources, and 

a p p l i c a t i o n s  f o r  these da ta  i n  p lann ing  and mon i to r i ng  Jordan 's  n a t u r a l  

resources.  



The coukses should c o n s i s t  o f  a  h a l f  day o f  classroom t r a i n i n g ,  and 

a  h a l f  day o f  hands-on experience us ing  t h e  c o n t r a c t o r  image processing 

f a c i l  i t y  and c o l o r  photo lab .  Classroom sessions should i n c l u d e  

i n f o r m a t  i o n  on b a s i c  c o n c e p t s  o f  r e m o t e  s e n s i n g ,  Landsa t  c h a r a c -  

t e r i s t i c s ,  computer a s s i s t e d  i n t e r p r e t a t  i o n  o f  Landsat data, cons t ruc-  
t i o n  o f  d i g i t a l  f i l e s  f rom Landsat, a e r i a l  photography, and map sources 

(e.g., topography, s o i l s ,  e t c  .) , s e l e c t i o n  o f  d a t a  sources cons ide r i ng  

f a c t o r s  such as c o s t  and d e t a i l ,  development o f  program plans, and 

s p e c i f i c a t i o n s  f o r  o b t a i n i n g  and processing da ta  and appl i c a t i o n s .  

I n s t r u c t i o n  would be prov ided i n  t h e  use o f  c o l o r  mon i to rs  and computer 

t e r m i n a l s  f o r  processing Landsat d a t a  and v iewing  d i g i t i z e d  da ta  bases, 

d i g i t i z e r  ope ra t i on  ( f o r  conve r t i ng  map i n fo rma t i on  i n t o  a  d i g i t a l  d a t a  

base format) and var io t i s  photo i n t e r p r e t a t i v e  equipment. 

Considerable emphasis should be placed on the  genera t ion  and i n t e r -  

p r e t a t i o n  o f  f a l s e  c o l o r  images which the  recommended Phase I 1 1  IPF w i l l  
be capable o f  generat ing.  Since manual i n t e r p r e t a t  i o n  o f  a i rbo rne  and 

s a t e l l i t e  r n u l t i s p e c t r a l  imagery i s  so impor tan t  i n  remote sensing, i t i s  

e s s e n t i a l  t h a t  t h e  s t a f f  be able t o  manual ly  i n t e r p r e t  such imagery. 

F u r t h e r ,  because t h e  i n t e r p r e t a t  i o n  o f  imagery  i s  f a c i  1  i t a t e d  b y  

c o n t r a s t  s t r e t c h i n g ,  f l t e r i n g ,  r a t i o  processing, p r i n c i p a l  component 

a n a l y s i s  and da ta  r e s t o r a t i o n ,  t h e  t r a i n e e s  should a l s o  become f a m i l  i a r  

w i t h  when t o  use these v a r i r o u s  t rans fo rma t i ons  o f  da ta .  

The photo t e c h n i c i a n ( s )  w i l l  be t r a i n e d  i n  procedures used b y  

modern remote sensing c o l o r  photo l abs  t o  ma in ta in  image t o  image 

q u a l i t y  c o n t r o l ,  p rov ide  c o n t r o l  in fo rmat ion  feedback t o  t h e  d i g i t a l  

image processing f a c i l  i ty, perform p r e c i s i o n  scaled en1 argements, and 

p rov ide  cos t  e f f e c t i v e  product  i o n  o f  r e g i s t e r e d  products.  

ERIM assumes . . t h a t  t h e  s t a f f  se lec ted  f o r  t h i s  t r a i n i n g  w i l l  be 

fami l  i a r  w i t h  t h e  ope ra t i on  o f  dsrkroom f a c i l i t i e s .  

We a lso  recommend two months o f  t r a i n i n g  i n  Amman us ing  t h e  Phase 

I11 IPF and c o l o r  l a b  soon a f t e r  i n s t a l l a t i o n .  Exper ts  (e.g., photo l a b  



spec ia l i s t s ,  systems engineer, senior system operator) from the U.S. 
contractor f ac i l  i t y  would provide lectures and demonstrations, in the 
operation and use of the new systems. 

In aadition t o  training in the  operation and management of the IPF, 

we recommend equipment maintenance t raining.  The U.S. contractor should 

arrange for  RSC s ta f f  t o  receive training on trouble-shooting to  the 

c i r c u i t  board lave1 for  IPF hardware. 

3.2.2 TRAINING FOR RSC INSTRUCTORS IN U.S. (PHASE I )  

Many new Landsat products and services will be available from the 
RSC when the i n i t i a l  data base of images has been delivered. As part of 

i t s  effor'is t o  stimulate user awareness and applications for these 
services,  we recommend that the RSC use examples o f  these new products 
in four two-week workshops t a u g h t  by RSC instructors.  We recommend two 

( 2 )  months of training at  a contractor f a c i l i t y  for four ( 4 )  instructors  

selected to  conduct these workshops. 

The RSC instructors  should be selected by the JNGC based on the i r  

involvement in future workshops. We suggest providing instructor 
t ra ining in the following areas: 

Training Program Desired Instructor Background 
Photogeology Geologist 
Remote Sensing Agriculture 
Remote Sensing Hydrology 

Rmote Sensing Regional Pl anning and Cartography 

The instructors  will be expected t o  use training modules and other 

t ra ining aids which incorporate the images generated by the IPF (section 

3.2.1). 

The recommended training ac t iv i ty  supports preparation for  the 
in-country workshops by accomplishing the following specif ic  objectives:  



a. j o i n t l y  developing t h e  workshop and seminar c u r r i c u l a  w i t h  t h e  

RSC and t h e  f o u r  i n s t r u c t o r s ,  

b. p r o v i d i n g  a  two month t r a i n i n g  program a t  a  c o n t r a c t o r ' s  

f a c i l  i t y  f o r  t he  f o u r  i n s t r u c t o r s ,  

c .  j o i n t l y  developing t h e  s p e c i f i c a t i o n s  f o r  images and o t h e r  

m a t e r i a l s  requ i red  f rom t h e  RSC f o r  use i n  exerc ises  and 

modules t o  be used i n  workshops. 

It should be s t ressed t h a t  t h e  t r a i n i n g  prov ided f o r  t h e  i n s t r u c -  

t o r s  i s  n o t  a  s u b s t i t u t e  f o r ,  o r  ex tens ion  o f ,  t h e  on-the- job t r a i n i n g  

prov ided f o r  RSC s t a f f  on t h e  U.S. c o n t r a c t o r  IPF (3.2.1). IPF t r a i n i n g  

prepares t h e  system opera tors  and photo techn i c ians  t o  use an image 

processing f a c i l i t y  and c o l o r  photo l a b  i n  an ope ra t i ona l  program. 

I n s t r u c t o r  t r a i n i n g  i s  focused on p repa r ing  f o u r  RSC i n s t r u c t o r s  t o  

teach workshops on how-to e x t r a c t  use fu l  i n fo rma t i on  from remote sensing 

d a t a  us ing  imagery and o the r  c a p a b i l i t i e s  o f  t he  proposed IPF. 

M a t e r i a l  r e q u i r e d  f o r  i n s t r u c t o r  t r a i n i f i g  a t  t h e  c o n t r a c t o r  

f a c i l i t y  and f o r  l a t e r  use a t  t h e  workshops i n  Jordan would i nc lude :  

One se t  o f  a l l  images and da ta  gene-ated by RSC s t a f f  p a r t i c i -  

p a t i n g  i n  IPF t r a i n i n g .  

Standard f a l s e  c o l o r  images, 1:250,000 scale. 

False c o l o r l h i g h  pass f i l t e r e d  image, 1:250,000 scale. 

Hybr id  r a t i o  c o l o r  image, 1:250,000 scale.  

P r i n c i p a l  component image, 1 :250,000 scale.  

Restored images, 1 : 100,000 scale.  

Maps used f o r  ground c o n t r o l  p o i n t s .  

Other a v a i l a b l e  ground t r u t h  in fo rmat ion ,  e.g., geo log ic  maps, 

r e g i o n a l  p l  anni ng maps, aer i a1 photographs. 

3.2.3 APPLICATION WORKSHOPS (PHASE I I )  

Workshops would be organized and conducted i n  Jordan b y  t h e  RSC 

i n s t r u c t o r s  who rece ived t r a i n i n g  a t  t h e  U.S. c o n t r a c t o r  f a c i l i t y .  

Contractor  support  would be prov ided i f  needed. 



An appl i c a t i o n s  workshop should be h e l d  f o r  each o f  t he  key a p p l i -  

ca t i ons :  A g r i c u l  t u r e I F o r e s t r y ,  Geology, Hydrology, P I  anning and Carto-  

graphy. The format  o f  each workshop should c o n s i s t  o f  l e c t u r e l l a b l f i e l d  
work i n  about equal p a r t s .  The d u r a t i o n  o f  each workshop should be 

10-14 working days. 

Lec tu re  m a t e r i  a1 should s t r e s s  t h e  fundamentals o f  remote sensing 

and' emphasize t h e  use o f  da ta  products which t h e  RSC can produce. Lab 

exerc ises  should be r e l a t e d  t o  t h e  l e c t u r e s  and show p r a c t i c a l  appl i c a -  

t i o n  o f  theory .  F i e l d  t r i p s  should be s t r u c t u r e d  around p r o j e c t s  o f  

i n t e r e s t  t o  t h e  t r a i n e e s  w i t h  t h e  goal t o  prepare r e p o r t s  t h a t  w i l l  be 

presented a t  the  end o f  t h e  workshop. 

Dur ing  t h e  workshop i t  i s  impor tan t  t h a t  t he  t r a i n e e s  l e a r n  how t o  

use t h e  resources o f  t h e  remote sensing center  image processing f a c i l i t y  

(data, equipment, e x p e r t i s e  o f  s t a f f ) .  Some t ime should be se t  as ide 

f o r  d iscuss ing  how t h e  RSC migh t  a id  th'2 t r a i n e e s  i n  t h e i r  everyday work 

assignments. RSC s t a f f  should then l ook  i n t o  ways o f  p r o v i d i n g  t h e  

types o f  ass is tance t h a t  were i d e n t i f i e d  as needed. 

A t y p i c a l  s i z e  workshop should be f rom 10-15 le rsons .  S u f f i c i e n t  

advance n o t i c e  should be g i ven  t o  p a r t i c i p a t i n g  agencies t o  a l l o w  them 

t o  s e l e c t  q u a l i f i e d  personnel t o  at tend.  

3 2 - 4  IN-COUNTRY SEMINARS FOR MANAGERS ( PHASE I I) 

Two day seminars would be organized and presented b y  RSC s t a f f .  

These seminars would be conducted a t  t h e  beg inn ing  o f  workshops and 

c o n t r a c t o r  support  would be a v a i l a b l e  i f  needed. The seminars would be 

designed t o  acquaint d e c i s i o n  makers i n  resource management agencies 

wi 'h d i f f e r e n t  aspects o f  t h e  RSC and remote sensing technology.  

T y p i c a l l y  a seminar would have a keynot,e iddress by  a senior  government 

of f  i c i  a1 f o l  lowed by  r e p o r t s  from l c c z l  agenc i e s l e x p e r t s  on t h e i r  

a c t i v i t i e s .  



These seminars would i n c l u d e  t o u r s  o f  t he  RSC f a c i l i t i e s  and 

demonstrat ions o f  equipment.. Handouts and r e p o r t s  should be d i s t r i b u t e d .  

The goal i s  t o  increase t h e  awareness o f  resource managers o f  how remote 

sensing d a t a  can be used, what i s  ava i l ab le ,  and how t h e  d a t a / r a u l t s  

may be ob ta ined.  

One seminar i s  recommended when on-the- job t r a i n i n g  i s  completed 

and t h e  i n i t i a l  d a t a  base o f  1:100,000 sca le  images i s  a v a i l a b l e  a t  t h e  

RSC. A second seminar i s  recommended when t h e  RSC has rece i ved  and 

i n i t i a t e d  o p e r a t i o n  o f  t h e  Phase I 1  IPF and c o l o r  photo l a b .  

3.2.5 ON-CALL SUPPORT (PHASE 11) 

On-cal l  c o n t r a c t o r  suppor t  cou ld  be used t o  h e l p  RSC organ ize  and 

conduct workshops and t r a i n i n g  on t o p i c s  o f  spec ia l  i n t e r e s t  t o  t h e  RSC. 

Cont rac to r  spec ia l  i s t s  cou ld  be c a l  l e d  "as neededu t o  p rov ide  t r a i n i n g  

on advanced t o p i c s  i n  areas such as photographic l a b o r a t o r y  techniques, 

ca r tog raph i c  da ta  product ion,  and va r i ous  remote sensing a p p l i c a t i o n s .  

The recommended a c t i v i t y  c o n s i s t s  o f  p repa ra t i on  and suppor t  f o r  

four  ( 4 )  two week t r i p s  t o  Amman, when needed. It i s  a n t i c i p a t e d  t h a t  

t h i s  suppor t  w i l l  be prov ided d u r i n g  t h e  f i r s t  12 months o f  ope ra t i on  of 

t h e  new image processing f a c i l i t y .  

3.3 FACILITY IMPLEMENTATION 

The o b j e c t i v e  i s  t o  e s t a b l i s h  an ope ra t i ona l  IPF and c o l o r  photo- 

g raph ic  l a b o r a t o r y  i n  t h e  RSC t a i l o r e d  t o  meet t h e  needs o f  t h e  JNGC and 

Jordanian user community. The recommended approach i s  t o  acqu i re  

a d d i t i o n a l  i n fo rma t  i o n  concern ing user and systems requi rements and t o  

develop and present  t o  JNGC and USAID a d e t a i l e d  system design and c o s t  

which would be implemented. The elements o f  t h e  recommended work a re  

discussed i n  t h e  f o l l o w i n g  two sec t ions .  

3.3.1, DESIGN STUDY (PHASE I) 

A design s tudy  i s  recommended as an essen t i a l  s tep  i n  t h e  estab- 

l ishment  o f  an IPF t h a t  i s  most responsive t o  RSC needs. The s tudy  t o  



be completed du r i ng  Phase I would p rov ide  t h e  d e t a i l e d  design and p l a n  

f o r  t h e  IPF which would be i n s t a l l e d  i n  Phases I 1  and 111. We a n t i c i -  

pa te  t h a t  t h e  RSC w i l l  need a  micro-computer based (PC type)  image 

ana l ys i s  system and c o l o r  photo l a b  c a p a b i l i t y  du r i ng  Phase 11. The 

image ana l ys i s  system would be expanded du r i ng  Phase 111. A t  a  minimum, 

t h i s  f a c i l i t y  must be ab le  t o  generate and update products s i m i l a r  t o  

t h e  ones the  RSC s t a f f  w i l l  produce du r i ng  hands-on t r a i n i n g  a t  t h e  U.S. 

c o n t r a c t o r  f a c i l i t y .  These products i nc lude  f a l s e  c o l o r  and c o l o r  coded 

p l a n i m e t r i c  images a t  sca les  o f  1:50,000 t o  1:100,000, d i g i t a l  tape  

f i l e s ,  and area land  cover t a b u l a t i o n s .  A l l  maps and da ta  products must 

be presented a t  t h e  same sca les  and p r o j e c t i o n s  as p r e v i o u s l y  pub1 ished 

1 :50,000 and 1 : 100,000 sca le  maps o f  Jordan. Geometr i c  accuracy should 

meet n a t i o n a l  map accuracy standards . 
The IPF and c o l o r  photo l a b  should have, a t  a  minimum, t h e  charac- 

t e r i s t i c s  and f e a t u r e s  we have 1  i s t e d  i n  Appendices D through G. The 

design study would f i r m  up these c h a r a c t e r i s t i c s  as we l l  as recommend 

t h e  requ i red  hardware and sof tware modules. The s tudy  would con t i nue  

USAID's i n v e s t i g a t i o n  of t h e  remote sensing mapping needs o f  Jordan as 

perceived by  t h e  JNGC and USAID s t a f f ,  prepare a  d e t a i l e d  d e f i n i t i o n  of 

t h e  IPF c o n f i g u r a t i o n  r e q u i r e d  t o  meet those needs, and conclude w i t h  a  

system design p lan .  The system design p l a n  would cover hardware and 

s o f t w a r e  c o s t s  and deve lopment  schedu le ,  system i n t e g r a t i o n  and 

checkout, and i n s t a l l a t i o n  and t r a i n i n g  i n  Amman. The design s tudy  

would i nco rpo ra te  add i t  i o n a l  i n fo rma t  i o n  gained f rom t h e  RSC s t a f f  s  

eva lua t i ons  o f  IPF fea tu res  used i n  t r a i n i n g  a t  t h e  U.S. c o n t r a c t o r  

f a c i l i t y  and i n f o r m a t i o n  gained b y  t h e  c o n t r a c t o r ' s  exper ts  v i s i t i n g  

Amman t o  i nspec t  JNGC f a c i l  i t i e s  and rev iew  user needs. 

The recommended design would be completed b y  t h e  end o f  t h e  f i f t h  

program month o f  Phase I w i t h  t h e  d e l i v e r y  o f  a  w r i t t e n  r e p o r t  and o r a l  

p resen ta t i on  o f  t h e  s tudy  r e s u l t s  i n  Amman, p e r m i t t i n g  i n t e r a c t i o n  

between t h e  RSC s t a f f ,  USAID and U.S. c o n t r a c t o r  personnel on t h e  

f a c t o r s  considered and t h e  conclus ions reached du r i ng  t h e  design study.  



The r e p o r t  would cover t h e  f o l l o w i n g  t o p i c s .  

a. System Design and Performance Requirements 

- Jordan's  User Needs 

- System Performance Requirements 

- Adaptat ion o f  E x i s t i n g  F a c i l i t i e s  

b. Design Eva lua t ion  and Ana lys i s  
- Data D isp lay  and User I n t e r f a c e  

- Data I n p u t  and Storage 

- Data Output 

- Data Processing 

c . Recommended System C o n f i g u r a t i o n  and Opt i ons  

- Basic System Design 

- Opt ions 
- RSC Fac i 1 i t y  Requirements 

d . T r a i n i n g  and Technology Trans fer  

- S t a f f  Requirements 
- System Operat ions, Maintenance and Trouble-shoot ing 
- User T r a i n i n g  and Technology T rans fe r  

e. Program Schedule 

f. Est imated Program Costs 

3 . 3 . 2  IMPLEMENT DESIGN (PHASES I 1  AND 111) 

The IPF design presented t o  RSC and USAID would be implemented 

upon approval . Imp1 ementat i o n  would inc lude:  

a. JNGC/RSC p r e p a r i n g  t h e  workspace and f a c i l i t i e s  f o r  t h e  

equipment i n  Amman. 

b. O r d e r i n g  t h e  needed hardware ,  s o f t w a r e ,  vendor  s u p p l i e d  

documentat ion, and spare p a r t s .  

c .  I n t e g r a t i n g  and checking o u t  t h e  equipment i n  the  U.S. t o  

demonstrate t h a t  equipment s a t i s f i e s  design s p e c i f i c a t i o n s  

before shipment. ( I t  may be p o s s i b l e  t o  e l i m i n a t e  t h i s  s tep  

and do a l l  i n t e g r a t i o n  and checkout i n  Amman.) 



d. C r a t i n g  and sh ipp ing  t h e  system t o  t h e  i n t e g r a t i o n  s i t e  a t  t h e  

JNGC . 
e. Uncrat ing,  s e t t  ing-up, i n s t a l  1  a t ion ,  and checkout i n  Amman t o  

demonstrate t h a t  equipment s a t i s f i e s  t he  design s p e c i f i c a t i o n s .  

We e s t i m a t e  t h e  Phase I 1  IPF  c o u l d  be i n s t a l l e d  and made 

ope ra t i ona l  i n  Amman w i t h i n  8 t o  10 months a f t e r  USAID/RSC approval of 

t h e  design study.  

There are  severa l  o rgan i za t i ons  which prov ide  systems which should 

be ab le  t o  meet RSC Phase I 1  and Phase 111 image processing r e q u i r e -  

ments. Examples o f  suppl i e r s  i nc lude :  D ip i x -  Columbia, Maryland; ERDAS 
2 - At lan ta ,  Georgia; and I S - M i l p i t a s ,  C a l i f o r n i a .  

It would n o t  be adv isab le  t o  consider  purchasing second hand 

equipment s i n c e  such equipment tends t o  be obsolescent and would 

e v e n t u a l l y  need t o  be replaced, and the re  i s  a  g r e a t e r  r i s k  of 

maintenance problems. 

3.4 PROGRAM REPORTING (PHASES 1-1 11) 

The U.S. c o n t r a c t o r  w i l l  submit month ly  r e p o r t s  t o  USAID/Amman 

which p rov ide  a  rev iew o f  t h e  program and t h e  s t a t u s  o f  each con t rac ted  

task .  I n  a d d i t i o n  t o  t h e  IPF des ign  r e p o r t ,  t h e  c o n t r a c t o r  w i l l  submit 

two annual r e p o r t s .  The annual r e p o r t  o f  year one w i l l  (1) p rov ide  a  

rev iew o f  t h e  s ta tus  o f  t h e  o v e r a l l  program, ( 2 )  p rov ide  sec t ions  

prepared b y  each user agency t h a t  rece i ved  r e p r e s e n t a t i v e  images t o  

document t h e i r  u t i l i t y  and va lue  t o  t h a t  agency's i n t e r e s t s ,  and ( 3 )  

con ta in  a  fo rmal  r e p o r t  b y  each t r a i n e e  on h i d h e r  accomplishments. The 

second annual r e p o r t  w i l l  provide'  an assessment o f  t h e  l e v e l  of s e l f -  

s u f f i c i e n c y  achieved by  t h e  RSC and summarize and j u s t i f y  requi rements 

f o r  a d d i t i o n a l  support .  



3.5 ESTIMATED BUDGET 

Phase I 

1. FULL-TIME RESIDENT TECHNICAL ADVISOR 
WITH 1/4 TIME U.S. BASED BACK-UP 

2. IPF TRAINING AT U.S. CONTRACTOR FACILITY ( 6  MONTHS) $238K 

Labor ( 6  mm) $72K 
M a t e r i a l s  & Suppl i e s  166K 

( see Appendix C)  
(Exc lus i ve  o f  JNGC s t a f f  t r a v e l )  

Labor ( 2 mm) $24K 
M a t e r i a l s  and Suppl ies 20K 
(Exc lus i ve  o f  JNGC s t a f f  t r a v e l )  

4. DESIGN STUDY 

Labor (1.5 mm) $15K 
Tr  avc l  10K 

i nc ludes  f o u r  (4 )  round t r i p s  
Amman, 20 days per diem m d  
l o c a l  t r a v e l  

ESTIMATED BUDGET PHASE I ( ITEMS 1-4) 
Contingency (15%) 



PHASE I 1  (YEAR 2) 

5. FULL-TIME RESIDENT ADVISOR WITH BACK-UP $180K 

6. ESTABLISH COLOR PHOTOGRAPHIC LABORATORY $200K 

Labor ( 2  mm) 24K 
Trave l  7K 

inc ludes  one round t r i p ,  
30 days per diem and 
l o c a l  t r a v e l  

Equipment (Appendix G) 139K 
Spares and Consumables 20K 
C r a t i n g  and Shipping 1 OK 
I n t e g r a t e  and Test, Amman 

( i n c l u d e d  i n  l abo r  and t r a v e l )  

7. ESTABLISH IMAGE PROCESSING FACILITY 
(MI CRO-COMPUTER PC) 

Labor (1 mm) 12K 
Trave l  7 K 

inc ludes  one ( 1 )  round t r i p ,  
30 days per diem and 
l o c a l  t r a v e l  

Equipment (Appendix E) 76K 
Spares 7 K 
C r a t i n g  and Shipping 10K 
I n t e g r a t e  and Test  Amman 

( i n c l u d e d  i n  l a b o r  and t r a v e l )  

8. SUPPORT FOUR TWO-WEEK WORKSHOPS/SEMINARS - AMMAN $53K 

Labor ( 3  mm) $36K 
Tr  ave 1 17K 

inc ludes  f o u r  ( 4 )  round t r i p s  
Amman, 60 days per  diem and 
l o c a l  t r a v e l  

9 .  NEW IMAGE PRODUCTS 

10. MISCELLANEOUS INTERPRETATION 
EQUIPMENT AND SUPPLIES 

ESTIMATED BUDGET PHASE 11 (ITEMS 5-10) 
Contingency (15%) 



ERIM 
PHASE I 1 1  (YEAR 3)  

FULL-TIME RESIDENT ADVISOR WITH BACK-UP $190K 

EXPAND COMPUTER PROCESSING CAPABILITY 

Mic ro  Vax I 1  Computer 146K 
(Appendix E) 

Appl i c a t i o n  Software 7 5K 
CRT Camera Recorder 10K 
Spares 20K 
C r a t i n g  and Shipping 10K 
I n t e g r a t e  and t e s t  Amman 19K 

Labor (12K) 
Trave l  (7K) i nc ludes  one ( 1 )  

Round T r i p  and 30 r!dys per  diem 

ADD HIGH QUALITY FILM RECORDING CAPABILITY 

F i l m  Recorder 81K 
Spares 10K 
C r a t i n g  and Shipping 1 OK 
I n s t a l l a t i o n  19K 

Labor (12K) 
Trave l  (7K) ( i nc ludes  one (1 )  

round t r i p  and 30 days per  diem 

IPF TRAINING AMMAN 

Labor ( 2  mm) $24K 
T rave l  14K 

inc ludes  two ( 2 )  round t r i p s  
Amman, 60 days per  diem and l o c a l  t r a v e l  

MAINTENANCE TRAINING VENDOR SITES 

Labor ( 1 mm) 
Vendor Subcontracts 

FOUR (4)  OPTIONAL ON-CALL SUPPORT VISITS 
( 2  WEEKS EACH) 

Labor ( 3  mm) $36K 
T rave l  17K 

inc ludes  f o u r  ( 4 )  round t r i p s  
Amman, 60 days per  diem and 1 ocal  t r a v e l  - 

ESTIMATED BUDGET PHASE I 1 1  ( ITEMS 11-16) 
Cont ingency (15%) 



APPENDIX A 

PLAYING DOCUMENT BY THE JNGC FOR AN RSC 
(T rans la ted  f r ~ m  Arabic  t o  Eng l i sh  by  the  JNGC) 

INTRODUCTION 

The Remote Sensing Center (RSC) w i l l  f u n c t i o n  under t h e  umbre l la  o f  

t h e  Jordan Nat iona l  Geographic Center (JNGC) who w i l l  be respons ib le  f o r  

p r o v i d i n g  the  o v e r a l l  suppor t :  l o g i s t i c ,  admin i s t ra t i ve ,  t e c h n i c a l ,  

f i n a n c i a l  and manpower. The D i r e c t o r  General (DG) o f  JNGC would a l so  be 

t h e  Ch ie f  Execut ive  o f  RSC. 

ADVISORY COMMITTEE OF THE RSC 

The RSC w i l l  be guided by  an adv isory  committee headed by t h e  DG, 

JNGC which w i l l  l a y  down t h e  p o l i c y  g u i d e l i n e s  and g i v e  o v e r a l l  

d i r e c t i o n  t o  t h e  RSC. The commi t tee  wou ld  have h i g h  l e v e l  

rep resen ta t  i o n  f rom a1 1 n a t i o n a l  user agencies: M i n i s t r i e s  o f  ( i )  

Planning, ( i i )  A g r i c u l t u r e ,  ( i i i )  Energy and Minera l  Resources, and 

Water A u t h o r i t y .  

FUNCTIONS OF RSC 

Es tab l i sh ,  operate and ma in ta in  t h e  RSC. 

Prov ide se rv i ces  i n  t h e  form o f  in fo rmat ion ,  t r a i n i n g ,  s a t e l l i t e  

data, a n a l y t i c a l  aids, leads f o r  appl i c a t i o n s  o f  remote sensing 

da ta  etc., t o  t h e  n a t i o n a l  user agencies and t h e  p lanners.  

To develop an independent capabi 1 i t y  f o r  analyz ing and i n t e r p r e t i n g  

t h e  RS data, i n  o rder  t o  a s s i s t  t h e  development o f  a n t u r a l  

resources o f  Jordan. 

Es tab l i sh  i n s t i t u t i o n a l  1 inkage w i t h  t he  n a t i o n a l  users, planners, 

u n i v e r s i t i e s ,  and s c i e n t i f i c  bodies l i k e  t h e  Royal S c i e n t i f i c  

Soc ie t y  (RSS) . 



5. Maintain active cooperation and coordination with international 

agencies inc1 uding the U N  bodies concerned with RS/space 
technology. 

6. Draw up a national pol icy paper identifying priority problems that 
can be solved through remote sensing. 

7. Establishment of a specialized 1 ibrary having books, reports and 

journals dealing with various aspects of RS. 

ORGANIZATION CHART OF RS 

I DG, JNGC 1-1 

I , 
HEAD OF RSC 

I 
I 

1 

I INFORMATION SECTION 1 I APPLICATIONS SECTION I 

ENVIRONMENT I 

I 
i - 

CARTOGRAPHIC 
APPL ICAT IONS 

I 
A C Q U I S I T I O N  GEOLOGICAL 

APPL I C A T I O N Z  

I I 

AGRICULTURE 
APPL ICAT IONS 

REGIONAL 
PLANNERS 



- 7. Appl 

- 8. Appl 

9. Appl 

10. Appl 

MANPOWER 

Head o f  RSC (Engineer) 

Head o f  In format ion Section (Engineer) 

Head o f  App l ica t ions Section (Engineer, 

Geologist, Agr i cu l tu re )  

Acqu is i t ion  o f  In format ion (Ass is tant  

Engineer ) 

Processing o f  Informat i on  

Engi neer 

Assistant  Engineer 

D i s t r i b u t i o n  o f  Informat ion 

Engineer , Geographer 

Ass is t  ant Engineer 

i ca t i ons  (Geology) 

i ca t i ons  (Hydrology) 

i ca t i ons  (Ag r i cu l t u re )  

i ca t i ons  (Regional Planning) 

11. Appl i ca t i ons  (Cartography) 

Eng i neer 

Assistant  Engineer 

12. Development, P r i n t i n g  & Photography 

Expert 

Engineer 

Assi s t  ant Engineer 

13. Maintenance (Technicians) 

1 
1 
1 + 2 (Natural  Resources) 

1 + 2 (Water Au thor i t y )  

1 + 2 (Min o f  Agr i cu l tu re )  

1 + 2 (Min o f  Mun i c i pa l i t y  & 
Pl ann ing)  

TOTAL 25 + 8 (From Other 

Governmental Bodies) 



EQUIPMENT 

D i g i t a l  Image Ana lys is  System 

Zoom Trans fer  Scope ( 2) 
Densi tometer  

Color  A d d i t i v e  Viewer 

Diazo Color  Composite 

Diazo F i l m  Transparencies 

Opt ron ics  P-1500 

Cal i b r a t  ion, Measurement, Test Equipment f o r  Maintenance Purposes 

Mu1 t i s p e c t r a l  Camera 

En 1 arger  and Accessories 

Development o f  t h e  Photographic Labora tory  f o r  Co lo r  Processing Purposes 



TRAINING 

Tra in ing  i s  a very important aspect o f  the p ro jec t .  It i s  proposed 

t h a t  s c i e n t  i s t s / e n g i n e e r s  shou ld  be sen t  abroad f o r  h i g h e r  

s t u d i e s / s p e c i a l i z e d  t r a i n i n g  and some o f  them i n  t h e  f i e l d  o f  
- 

app l ica t ions and informat ion get t h e i r  t r a i n i n g  i n  Jordan, as fo l lows:  

I n  Jordan (Durat ion 3 months) 

Subjects 

Ag r i cu l t u ra l  Appl icat ions 
Geological Appl i c a t  ions 
Hydrological  Appl i ca t i ons  
Regional P l  ann ing  (Land Use) 
Cartography 
Remote Sensing Technology 

Number o f  Trainees 

TOTAL 22 

ABROAD (Durat ion 6 rnont5s) 

D i g i t a l  Data Processing 
Remote Sensing Techniques 
P r i n t i n g  and Photography 

TOTAL 9 

(2-3 years leading t o  MS/PhD Degree) 

D i g i t a l  Image Processing 1 
Remote Sensing through Act ive  Sensors l i k e  SARs 1 

I Sensor Design 1 

TOTAL 3 

I n  addi t ion,  the  t r a i n i n g  i n  Jordan by the manufacturer 's engineers 

v i s i t i n g  the  country f o r  i n s t a l l a t i o n  and commisioning o f  the  equipment. 



APPENDIX B 

PERSONS CONTACTED 

Jordan Na t i ona l  G e o a r a ~ h i c  Center 

L t .  Col. Ghazi Asaad 
Omar Ma1 kawi 
Dr. A l b a i r  Simonian 
Fa i  sa l  A1 -Zure igat  
1 s t  L t .  S a l t i  Ib rah im 
1 s t  L t .  Mahmoud Ahmad 
Maj. A l i  Odeh 
Dr. Abdul r ah i m  Masad 
Mof id  Harnza 
Mazen Shotar 
Capt. Khal a f  Madan 
L t .  Col. Mohammed Momani 
Munir  a1 F a r r a  
Z iad Abdul jawad 
B ishara  Jada l l  ah 
Tar i k Khasawneh 

Water A u t h o r i t y  o f  Jordan 

Eng. Bader H i r z a l l a  
Dr. Eng. B ishara  Naber 
Amin J e r r y  Wardem 
Mohammed Abu Taha 
Jamil  Rashdan 

Eng. Harnid Abu Obeid 

Chief ,  Reproduct i o n  Department 
Chief,  Remote Sensing Center 
Remote Sensing S p e c i a l i s t  
Geographic Engineer 
Cartographer 
Ch ie f  , Photogrammetr i c  Sect i o n  
Chief ,  Photogrammetric Branch 
Chief,  Research Stud ies  D i v i s i o n  . 
Head, Research Stud ies  Sec t ion  
Chief ,  Geodetic Sec t ion  
Chief ,  Photographic Labora tory  Sec t ion  
Chief ,  Photographic Labora tory  Branch 
Photogrammetric Maintenance Technic ian 
Photographic Techn ic ian  
Photographic Technic ian 
Geographer 

D i r e c t o r ,  Water Resources Department 
Hydrogeol o g i  s t  
Hydrogeologi s t ,  Sur f  ace Water D i v i  s i on  

Hydrogeologist ,  Water Resources 
Development Department 

Asst. P r o j e c t  Manager 
Nor th Jordan Ground Water I n v e s t i g a t i o n  
Department 

Royal S c i e n t i f i c  Soc ie t y  o f  Jordan 

Dr. Fakhruddin Daghestani Pres ident  
D r .  Yousef A. Nusseir  D i rec to r ,  Computer Systems Department 

M i n i s t r y  o f  P lanning 

Nab i l  Sweis Asst. Secre ta ry  General 
Boulos Kef  aya D i r e c t o r ,  I n f r a s t r u c t u r e  Department 
Eng. Sami Nsour D i r e c t o r ,  Science & Technology Department 
Eng . Moust a f  a Zahran D i r e c t o r ,  Produc t ive  P r o j e c t s  Department 
Dr. Marwan Mnasher Science & Technology Department 
Eng . Ahmad Sammour I n f r a s t r u c t u r e  Department, Highway Sect i o n  



Eng. Nadia M. Jouharie I n f r as t r uc tu re  Department, Water & Sewage 
Pro jec ts  

Dr. Rima Khalaf  Economic P l  anning Department 
S a i f  Zahir  Telecommunic~tions & Informat ion 
Harry Garnett Regional P l  anning Advisor 
Dr. Akdu l i lah  Abu Ayyash Regional P l  arming 

M i n i s t r y  o f  M u n i c i ~ a l  and Rural A f f a i r s  and Environment 

D r .  Saleh al-Shari  Department o f  Environment 

Nat ional  Resource Au thor i t y  

Mohammed Abu Ajamieh Di rec tor ,  Geological Survey and Bureau o f  
Mines 

Kays K. El-Kaysi Head, Geophysics D i v i s i on  
Moussa Hadad i n  Act ing Head, ~Geolo y D i v i s i on  
Dr. Cedric Mortimer Technical Advisor !Br i t i sh  Geological 

Survey) 

M i n i s t r y  o f  Agr i cu l tu re  

M r .  Osama Be lbe is i  General D i rec tor ,  P ro jec ts  Department 
M r .  Z u l k i f l  Ghosheh Di rec tor ,  National Ag r i cu l t u ra l  Research 

Center and Techno1 ogy Transfer, 
Department o f  P ro jec ts  

Bakr Hussein Ahmad Qudah 
Nazeem Abu Rub 
Raghab Shammoutt 



APPENDIX C 

INITIAL DATA BASE MATERIALS AND BUDGET 
- 

Acquire TM Tapes Country ( 1 1  scenes) 
8 $4,40O/scene 

Data Conversion 11 Tapes @ $400/tape 

1:250,000 scale images, f i v e  copies each 
o f  11 scenes @ $1,23O/scene 
composite, pos i t i ve  f i l m  transparencies 
@$120/scene 

Jordan Mosaic 1:500,000 scale, f i v e  copies 
(each add i t i ona l  p r i n t  $360) 

1:100,000 scale images, f i v e  copies each, 
d i g i t a l  tape f i l e ,  images cover ing 
country, and d i g i t a l  f i l e s  @ $3,430 
image data  set  59,160 
composite, pos i t i ve  f i l m  transparencies 
@$120/scene 5,280 

1:50,000 sca le  .5' x .5' area, f i v e  copies each 
generate three (3)  images f o r  t r a i n i n g  
8 $1,2301 image 3,690 

1:100,000 scale co lo r  coded land coverluse image area, 
d i g i t a l  f i l e s ,  area tabu la t ions  (4-6 areas), 
generate three (3 )  images f o r  t r a i n i n g  
8 $3,73O/data set 11,190 



APPENDIX D 

PROCESSING CAPABILITY OF THE 

PROPOSED PHASE I 1 1  IMAGE PROCESSING FACILITY 

Radiometr ic  Cor rec t ions  

o  Replace Dropped Scan L ines  

o  D e s t r i p i n g  

o  Atmospheric Co r rec t  i o n  and/or Color  Bal  anc i ng  

Correct  and Trans fer  Data i n t o  Common Map P r o j e c t i o n  

D i g i t a l  Level  S l i c i n g  

Cont ras t  S t r e t c h  

o  L inea r  

o  Equal Occupancy 

D i g i t a l  F i l t e r i n g  

o  High Pass 

o  Restora t  i o n  

o  D i r e c t i o n a l  

o  Low Pass 

Ra t i o  i n g  

P r i n c i p a l  Component Ana lys is  

Se lec t  T r a i n i n g  S i t e s  w i t h  any Shape Q u a d r i l a t e r a l  

S t a t i s t i c a l  Operat ions 

o  Histograms 

o  Covariance Ma t r i ces  
- 

*Capabi 1  i t y  of  Phase I I IPF Processing a  Small Sub-set o f  Data 



*J. Class i f i ca t ion  
o Maximum Li kel i  hood 
o Unsupervised 

K.  Digital  F i l e  Generation 
o Digi t iz ing Software 

o Conversion from Polygonal t o  Cel lular  

o All common map project ions  

, o Conversion from Cel lular  t o  Polygonal 

L.  Specialized Models f o r  F i l e  Manipulations 
o Construct mult i l  ayer geographic data base 
o Merge Candsat, a e r i a l  photography, and map sources 
o Digital  rnosaicking 



APPENDIX E 

EXAMPLE OF BASIC PC TYPE 

IMAGE PROCESSING FACILITY FOR PHASE I 1  

1. PCIAT System w i t h  512 x 512 x 32 B i t  Image Processor - 
Processor 

13' Mon i to r  

Joyst  i c k 

IBM-PC Math Co-processor 

Image Processing Software 

2. D i g i t i z i n g  Module w i t h  Software and 24" x 36" Tab le t  

P r i c e  i n c l  udes i n t e r n a t i o n a l  power and p repa ra t i on  

3 .  TapeModule w i t h  9-TrackTape Dr ive,  C o n t r o l l e r  

and Software 

4 .  Mass Storage Opt ion  w i t h  85 Mb D isk  D r i v e  

5. Color  I n k  Jet  P r i n t e r  and Software 

6. GIs  Software Package 

7. Sof tware Tool K i t  



EXAMPLE OF MICRO VAX I 1  COMPUTER SYSTEM FOR PHASE I11 

Mic ro  Vax I I 
F l o a t i n g  P o i n t  Processor 

1 Mbyte Main Memory 

One o r  Two 205 Mbytes Removable Pack 

Disk D r i ves  

1600/6250 BPI Magnetic Tape D r i v e  

Ser i  a1 L ine  Terminal M u l t i p l e x e r  

Two Alphanumeric CRT Terminals 

Black and White Graphics Terminal 

300 LPM L i n e  P r i n t e r  

Console Terminal 
M ic ro  VMS Opera t ing  System 

VMS F o r t r a n  System 



APPENDIX F 

OUTPUT CAPABILITY OF THE PROPOSED PHASE I1 
COLOR PHOTOGRAPHIC PROCESSING LABORATORY 

During Phase I1 the RSC will need to add a color processing 
capabil ity to its existing black and white photographic 1 aboratory. 

This lab will be required to transform the film negatives generated by 

the IPF into color prints and color display transparencies up to 40" x 
40" in size. The lab will require the following capabilities: 

a. Process film negatives up to 10" x 1011 in size. If the image 
processing system produces black and white separation 

negatives this will, of course, be a black and white film 
processor. If the recorder produces color negatives this will 
require a color processor. 

b. Film registration. This is needed if film recorded produces 

black and white separation negatives. 

c. Densitometry. This is needed for quality control. 

d. Color Contact Prints. Needed to produce proof prints up to 

10" x 10" in size. 

e. Enlarged Color Prints and Displ ay Transparencies. Needed to 
enlarge the black and white separation negative or color 

negatives up to 40" x 40'' in size. 
f. Color Print Processing. Needed to process the enlarged prints 

and displ ay transparencies. 



APPENDIX G 

EXAMPLE OF A COLOR PHOTOGRAPHIC LABORATORY 
SYSTEM FOR PHASE I 1  

Func t ion  

F i l m  Processing 

I tem - Estimated Cost 

11" b lack  and wh i te  f i l m  
processor $20,063 

F i l m  R e g i s t r a t i o n  4 - 12X Magn i fy ing  l ens  
p l a t e  g lass  p ieces 

- Densi tometry  

2 - r e g i s t r a t i ~ n  punches 
Reg is te r  con tac t  frame 
L i g h t  Table 30"x40" 

Color t ransmiss ion  and 
r e f l e c t a n c e  densitometer 5,625 

Color  Contact P r i n t s  L i g h t  U n i t  1,000 
F i  1  t e r  250 
Timers 3 @$200 each 750 
S t a t i c  e l  im ina to r  dust  brush 438 
Mis. sa fe l i gh t s /pape r  safes 37 5 

Enlarged Color  P r i n t s  R e g i s t r a t i o n  en la rger ;  10'  Model 
- and D i s p l  ay Transparencies Chassis; c o l o r  head; p i n  r e g i s t e r  

c a r r i e r ;  40"x60M vacuum baseboard; 
sca le  memory 27,500 

Lenses f o r  en1 arger; 105 mm, 
180 mm, 240 mm, 300 mm 5,000 

R o l l  paper d ispenser /cu t te r  2,500 

Misc. t imers ,  safe1 igh ts ,  
focusers, analyzers 2,500 

Color P r i n t  Processing Color p r i n t  processor 28,750 
25-gal chemical mixer  1,875 
s t a i n l e s s  s t e e l  clean-up s ink  1,875 



Color Transparencies 8"x1ON Nitrogen Burst 
and Color Negatives Agitation equipment 3 1/2 gal. 
up to 811x1011 Manual sink line C-41 

color f i l m  process 12,500 

Large Black and White Black and White Processor 25,000 
PrintsITransparencies 



ERIM - 
U.S.AID - 
JNGC - 
RSC - 
WAJ - 
KO J - 
NOAA - 
DG - 
MSS - 
TM - 
SPOT - 
RSS - 
NRA - 
MMREA - 
MOP - 
I PF - 
MA - 
PC - 

APPENDIX H 

ACRONYMS 

Environmental  Research I n s t i t u t e  o f  Michigan 

U .S. Agency f o r  I n t e r n a t i o n a l  Development 

Jordan Na t i ona l  Geographic Center 

Remote Sensing Center 

Water A u t h o r i t y  o f  Jordan 

Kingdom o f  Jordan 

Nat iona l  Oceanic and Atmospheric Admin i s t ra t  i o n  

D i r e c t o r  General 

Mu1 t i s p e c t r a l  Scanner System 

Thematic Mapper 

Systeme Proba to i re  d lObservat ion de l a  Te r re  

Royal S c i e n t i f i c  Soc ie t y  

Nat iona l  Resoure A u t h o r i t y  

M i n i s t r y  o f  Munic ipa l ,  Rural ,  and Environmental  A f f a i r s  

M i n i s t r y  o f  P lann ing  

Image Processing Fac i 1 i t y  

M i n i s t r y  o f  A g r i c u l t u r e  

Personal Computer 



APPENDIX I 

ERIM RESUMES 

FERGUSON, KENNETH P. RESEARCH AND APPLICATIONS SCIENTIST 

EDUCATION 

MA G w g r  aphy 
B A Geography 

EXPERIENCE 

U n i v e r s i t y  o f  Texas-Austin 1981 
U n i v e r s i t y  o f  F l o r i d a - G a i n e s v i l l e  1974 

Research  and A p p l i c a t i o n s  S c i e n t i s t ,  E n v i r o n m e n t a l  Research  
I n s t i t u t e  o f  M i c h i g a n ,  Oc tobe r  1985 t h r o u g h  P r e s e n t .  
P a r t i c i p a t e  i n  ERIM i n t e r n a t i o n a l  remote sensing a c t i v i t i e s .  
Prov ide c o n s u l t a t i o n  on how t o  design, develop, and implement 
f o r e i g n  remote sensing center  operat ions,  i .e. ,  user serv ices,  
da ta  processing and ana l ys i s  methods, t r a i n i n g ,  and s t a f f  
s t r u c t u r e .  Consult  w i t h  p o t e n t i a l  users on conduct ing p r o j e c t s  
r e q u i r i n g  a p p l i c a t i o n  o f  Landsat d a t a  t o  a  broad range o f  
t o p i c s  i nc lud ing :  a g r i c u l t u r a l  assessment, s o i l  mapping, range 
management, 1  and cover luse  mapping, environmental  - w i  l d l  i f e  
s tud ies ,  eng ineer ing  p lanning,  m ine ra l  exp lo ra t i on ,  geo log ic  
mapping, and geographic map compi 1  a t  i on .  

Remote Sensing Speci a1 i st/Geographer , U .S. Geologica l  Survey, Saudi 
Arabian Miss ion  January 1977 t o  October 1985. Was respons ib le  
f o r  c o o r d i n a t i o n  and management o f  t h e  USGS remote sensing 
program i n  Saudi Arab ia  i n  coopera t ion  w i t h  t h e  Saudi Arabian 
Deputy M i n i s t r y  f o r  Minera l  Resources (DMMR) . Establ  i shed t h e  
f i r s t  remote sensing cen te r  i n  Saudi Arabia. Th is  f a c i l i t y  
s p e c i a l i z e s  i n  t h e  a p p l i c a t i o n  o f  Landsat da ta  products f o r  
m i n e r a l  e x p l o r a t i o n ,  and g e o l o g i c  and g e o g r a p h i c  mapp ing .  
Consulted w i t h  and t r a i n e d  Saudi g e o l o g i s t s  i n  remote sensing 
methods. Operated a  DIPIX A r i e s  I 1  image processing system. 
Compiled geographic maps us ing  an In te rg raph  computer g raph ics  
system, o r  used convent ional  comp i l i ng  methods. (See l i s t  o f  
pub1 i c a t  i o n s )  . Geograph ic  i n f o r m a t  i o n  on t h e s e  maps was 
o b t a i n e d  b y  f i e l d  i n v e s t i g a t i o n s  and s a t e 1  1  i t e  , image 
i n t e r p r e t a t  ion .  

I n  a d d i t i o n  t o  se rv i ces  t o  t h e  DMMR I prov ided va luab le  
ass is tance t o  o t h e r  o rgdn i za t i ons  i n  Saudi Arabia, ou t1  i ned  as 
fo l lows.  

Meteoroloci ical  and Environmental P r o t e c t i o n  Admin i s t ra t i on  

1. Consulted w i t h  t h e  Deputy D i r e c t o r  and se lec ted  s t a f f  on 
rangeland mon i to r i ng  methods us ing  Landsat data. 

FERGUSON, KENNETH P. 
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FERGUSON, KENNETH P. RESEARCH AND APPLICATIONS SCIENTIST 

EXPERIENCE (Cont 'd.)  

2. I d e n t i f i e d  h a b i t a t  o f  endangered species o f  g a z e l l e  and 
ibex, and made recommendations f o r  p r o t e c t i n g  these areas. 

3. A s s i s t e d  s t a f f  i n  i n t e r p r e t i n g  Landsa t  imagery  and 
comp i l i ng  maps f o r  a r e p o r t  on management o f  c r i t i c a l  
h a b i t a t s  on t h e  Red Sea coast.  

4 .  Advised s t a f f  on methods f o r  e s t a b l i s h i n g  a remote sensing 
a p p l i c a t i o n s  u n i t .  

M i n i s t r y  f o r  A g r i c u l t u r e  and Water 

1. Consulted w i t h  s t a f f  on methods f o r  comp i l i ng  a schematic 
s o i l  map o f  Saud i  A r a b i a  a t  1:1,000,000-scale u s i n g  
Landsat da ta  p roduc ts .  

2 .  W r i t t e n  cap t i ons  f o r  Landsat images used t o  i l l u s t r a t e  
Saudi A rab ia ' s  f i r s t  Nat iona l  Water At1 as. 

3. A d v i s e d  s t a f f  on methods f o r  mapping a g r i c u l t u r a l  
development i n  t h e  coun t r y  us ing  Landsat imagery. 

M i n i s t r y  o f  P l  arming 

1. A d v i s e d  s t a f f  o f  methods f o r  showing g e o g r a p h i c  
in fo rmat ion  on Landsat image products f o r  a new Na t i ona l  
P lanning A t l a s .  

M i l  i t a r v  Survev De~ar tmen t .  M i n i n s t r v  o f  Defense and A v i a t i o n  

1. Advised t h e  D i r e c t o r  and senior  s t a f f  on es tab l  ishment o f  
a Landsat image processing and ana l ys i s  u n i t .  

K ing  Abdul Az iz  City f o r  Sciencerand Technology 

1. Co-authored p a r t  o f  a n a t i o n a l  p o s i t  i o n  paper on Landsat 
a p p l i c a t i o n s  i n  Saudi Arabia. 

2. Advised sen io r  s ta f f  on es tab l  ishment o f  a Landsat ground 
r e c e i v i n g  s t a t  ion .  

FERGUSON, KENNETH P. 



FERGUSON, K E N N E T H  P . RESEARCH AND APPLICATIONS SCIENTIST 

EXPERIENCE ( C o n t  Id .) 

3. Served by request as an un-off ic ia l  observer a t  the Second 
United Nations Conference on Peaceful Uses of Outer Space 
(UNISPACE), in Vienna, Austria, 1982. 

Arab i an h e r  ican Oi 1 Company ( ARAMCO) 

1. Cooperated with ARAMCO on a seven year project t o  produce 
a new geographic map of t h e  Arabian Peninsula a t  
1:2,000,000 scale.  

2 .  Conducted workshops in remote sensing and Landsat image 
interpretation. 

Consultant, Brooks, Barr, Graeber and White, Austin, Texas - June 
1976 t o  December 1976. Services t o  t h i s  engineering, planning, 
and architectural firm were concerned with remote sensing 
analysis of the immediate v ic in i ty  of Buraidah, Saudi Arabia 
and Qasim Province in the north-central part of the country. 
The analysis included writing a formal report and providing 
s ta f f  briefings intended t o  fac i l  i t a t e  planning and design of a 
new town. 

Geographer, U.S. Geological Survey, Reston, Virginia - June 1974 t o  
December 1976. Duties incl uded : compi 1 ing and synthesizing 
geographical data from various sources such as high a l t i tude  
aer i a1 photography and sate1 1 i t e  imagery for product ion of 1 and 
use and land cover maps; report editing; training summer 
employees in cartographic techniques; set t ing up and operating 
a photographic system for  producing 35mm s l ides  a t  precise 
scales showing study areas on aer ial  photography and sate1 1 i t e  
imagery; briefing and leading tours for foreign v i s i t o r s .  

I n s t r u c t o r ,  Center f o r  Middle Eastern S tud ies ,  Univers i ty  of 
Texas-Aust in from June 1976 through August 1976. Instructed 
jun io r  and sen io r  l eve l  s tuden t s  in a course  e n t i t l e d  
"Adjustment and Change in the Middle Eastn. Subjec t  matter was 
geographical and geo-pol i t  ical  . 

Teaching Assistant, University of Texas-Aust i n ,  September 1974 
through May 1976. Taught three laboratory sections per week 
to t a l l ing  about 40 students per semester on the subjects of 
c l  imatology, map and aer i a1 photographic interpretat  ion and 
cultural  geography. 
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FERGUSON, KENNETH P. RESEARCH AND APPLICATIONS SCIENTIST 

EXPERIENCE (Cont I d )  

Peace Corps Volunteer  , August 1966 through August 1968. Was 
assigned f o r  two years as an a g r i c u l t u r a l  adv isor  t o  a smal l  
South I n d i a n  v i l l a g e  t o  p a r t i c i p a t e  i n  implementat ion o f  a 
j o i n t  U.S ./Government o f  I n d i a  v i l l  age l e v e l  food p roduc t i on  
program. The main o b j e c t i v e  was t o  a i d  l o c a l  farmers i n  t h e  
i n t r o d u c t i o n  o f  hyb r i d ,  h igh -y ie ld ing ,  p ro te inous  c rops  t o  a 
semi-ar id  area o f  t h e  Deccan p la teau  w i t h  r e c e n t l y  developed 
i r r i g a t i o n  resources. Tasks i nc luded  t r a i n i n g  l o c a l  farmers i n  
modern t i 1  1 age and p l a n t i n g  techniques, i r r i g a t i o n ,  i nsec t  
c o n t r o l ,  c h e m i c a l  f e r t i l i z i n g ,  m a r k e t i n g  and c o - o p e r a t i v e  
management. Played an impor tan t  r o l e  i n  reopening a l o c a l  
paper f a c t o r y  which had gone ou t  o f  business. Conducted an 
ex tens ive  f e a s i b i l i t y  survey concern ing t h e  es tab l i shment  o f  a 
l a r g e  d i s t r i c t  l e v e l  farm f o r  t h e  produc t ion  o f  commodities 
used by t h e  CARE o r g a n i z a t i o n  i n  t h e i r  school lunch feed ing  
program. Designed and coord ina ted  a month long  e x h i b i t  f o r  t he  
Peace Corps i n  Bangalore i n  1968. 

LINQUISTIC KNOWLEDGE 

I possess a f a i r  knowledge o f  w r i t t e n  and spoken Arabic,  French, 
and German. 

OF SPECIAL NOTE: 

I have l i v e d  f o r  most  o f  my l i f e  i n  d e v e l o p i n g  c o u n t r i e s ,  
s p e c i f i c a l l y  Saudi Arabia, I ran ,  Lebanon, and I n d i a .  My 
u n i v e r s i t y  t r a i n i n g  f o c u s s e d  on p h y s i c a l  and c u l t u r a l  
c h a r a c t e r i s t i c s  o f  t h e  Middle East.  As a geographer I am ab le  
t o  i n t e r a c t  and r e l a t e  t o  a wide range o f  i n t e r n a t i o n a l  
deve lopment  p rob lems .  I am e x p e r i e n c e d  i n  methods of  
f a c i l i t a t i n g  t h e  t r a n s f e r  and adapta t ion  o f  techno logy  i n  
developing coun t r i es .  I en joy  teaching, t r a i n i n g  and worklng 
w i t h  c i t i z e n s  o f  t h e  T h i r d  World, and I can e f f e c t i v e l y  
communicate w i t h  these people. I am ab le  t o  work and l i v e  
con ten ted l y  i n  d i f f i c u l t  o r  even harsh c o n d i t i o n s  f o r  long  
pe r i ods  o f  t ime. 
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ERIM 
FERGUSON, KENNETH P . RESEARCH AND APPLICATIONS SCIENTIST 

PROFESSIONAL AFFILIATIONS 

Fe l l ow  - Royal Geographic Soc ie t y  
Regul a r  Member - Associ a t  i o n  o f  Amer i c a n  Geographers 
Chairman - Saudi Arabian Natura l  H i  s t o r y  Soc ie t y  (1979-1981) 

PUBLICATIONS - 

Greenwood, W.R. and Ferguson,  K.P., Jr., I n s t r u c t i o n s  f o r  
Compi la t ion of  1:250,000 Scale G e o l o g i c  and Geograph ic  Maps, 
9.5. Geologica l  Survey Saudi Arabian Miss ion  A d m i n i s t r a t i v e  
Document, Jiddah, 1980. 

Ferguson, K.P.? Jr., " A p p l i c a t i o n  o f  Landsat Data t o  Ea r th  Science 
I n v e s t i g a t i o n s  i n  t h e  Kingdom of  Saudi ArabiaN, i n  E x p l o r a t i o n  
and Peaceful Uses of Outer Space, Nat iona l  Paper o f  t h e  Kingdom 
o f  Saudi Arabia, R iya  audi Arabian Nat iona l  Center f o r  
SC ience and 1 echnolog;hi92. 

Ferguson, K.P., Jr., The Saudi Arabian Deputy M i n i s t r y  f o r  Minera l  
Resources Remote Sensing Center: Serv ices and App l i ca t i ons  o f  
Landsat Data, U . S .  Geologica l  Survey Saudi Arabian Miss i o n  
Open-Fil e Report, Jiddah, OF-01-2, 1982. 

B u t t i k e r ,  W . ,  and Ferguson,  K.P., J r . ,  " D e t e c t i o n  o f  Fauna l  
Biotopes of Medical  Importance i n  Southwestern Saudi Arab ia  
using. Landsat Imagesq1,. i n  Fauna o f  Arabia, Vol . 5 ,  Jiddah: 
Saudi  A r a b i a n  M e t e o r o l o g i c a l  and E n v i r o n m e n t a l  P r o t e c t  i o n  
Admin is t ra t ion ,  1984. 

Ferguson, K.P., Jr . ,  Rogers, Robert  H. "Design f o r  a Remote 
Sensing Center i n  t h e  Jordan Nat iona l  Geographic Center, Amman: 
ERIM Report 176510-1-L, Ann Arbor, 1986. 

Sellman, A.N., e t  al., "Thematic Mapper Der ived Acreage Est imate of 
t h e  1985 Mi l le t /Sorghum Crop i n  Western Sudan", ERIM Report  
192700-1-F, Ann Arbor, 1986. 

GEOGRAPHIC MAPS 

Ferguson, K.P., Jr., Jackson, R.O., Hadley, D.G., Ramirez, L.F., 
Mandavi l le,  J.P., and Bowers, S.D., 1984, Geographic Map o f  t h e  
Arabian Peninsul  a: Saudi Arabian Deputy M i n i s t r y  f o r  MineraT' 
Resources Arabian Peninsul a Map AP-5-B2, sca le  1 :2,000,000. 
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FERGUSON, KENNETH P. RESEARCH AND APPLICATIONS SCIENTIST 

GEOGRAPHIC MAPS (Cont'd.) 

Ferguson, K.P., Jr., 1984, Pre l  iminary Landsat Image Map o f  t he  
As i r  Quadrangle, Kingdom o f  Saudi Arabia: U.S. Geological 
Survey Saudi Arab i an M i  ssion Technical Report TR-04-31 I R  624, 
Scale 1:500,000. 

Ferguson, K .P., . , 1984, Pre l  iminary Landsat Image Map o f  t he  
Tihamat ash Sham Quadrangle, Kingdom o t  Saudi Arabia: 
Geo log i ca l  Survey Saudi A rab ian  M i ss i on  Techn i ca l  Record 
TR-04-2/IR 623, Scale 1 :5OO,OOO. 

Ferguson, K.P., Jr. ,  1984, Pre l  iminary Landsat Image Map o f  t he  
Southern H i j a z  Quadrang le ,  Kingdom o f  Saudi A rab ia :  U . S . 
Geo log i ca l  Survey Saudi A rab ian  M i  s s i on  Techn i ca l  Record 
TR-04-61 I R ,  Scal e 1 : 500,000. 

Ferguson, K .P., Jr. ,  1984, Pre l  iminary Landsat Image Map of t he  
Wadi ar  Rimah O u a d r a n ~ l e .  Kinadom o f  Saudi A rab ia :  
Geo log i ca l  sur;ey ~ a i d i  * ~ r a b i a  M i ss i on  Techn i ca l  Record 
TR-04-71 I R  665, Scal e 1 :5OO,OOO. 
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ROGERS, ROBERT H. APPLICATIONS SCIENTIST 

EDUCATION 

Ph.D. E l e c t r i c a l  Engineering Michigan State Univ. 1963 
MS Engineering Southern Meth. Un i v  . 1959 
B S E l e c t r i c a l  Engineering Tr i - S t  ate Co 1 1 ege 1956 

EMPLOYMENT 

Appl ica t ions Sc ien t i s t ,  Environmental Research I n s t i t u t e  o f  Michi-  
gan, Ann Arbor, Michigan, 1978 - Present. 

Appl i ca t i ons  Sc ien t i s t ,  Bendix Aerospace Systems D iv i s ion ,  Ann 
Arbor, Michigan, 1964 - 

Staff Engineer, Ling-Tempco-Vought Aerosystems Div is ion,  Greenvi 11 e, 
Texas, 1963 - 1964. 

Ins t ruc to r ,  Michigan Sta te  Univers i ty ,  East Lansing, Michigan, 
1960 - 1963. 

Group Supervisor, Co l l  i n s  Radio Company, Dallas, Texas, 1956 - 1960. 

EXPERIENCE 

Staff Engineer, Remote Sensing Services and Appl i c a t  ions Department : 
Ass is t  users w i th  studies and planning requ i red t o  apply remote 
sensing technology. I den t i f y ,  develop, and evaluate new remote 
sensing equipment and techniques. Work w i th  user organizat ions t o  
i d e n t i f y  na tu ra l  and c u l t u r a l  features t ha t  can be monitored through 
remote sensing. Develop and demonstrate the best combination o f  
a i r c r a f t  and spaceborne experiments, sensors, data processing, and 
data i n t e rp re ta t i on  techniques f o r  gather ing and understanding data. 
Pa r t i c i pa te  i n  the planning and admin is t ra t ion o f  the In te rna t iona l  
Symposia on Remote Sensing o f  Environment. 

V i s i t i n g  lec turer ,  Eastern Michigan Un ive rs i t y :  teach off-campus course 
i n  Remote Sensing Technology. 

Manager, Appl i c a t  ions Group: Establ ished and monitored more than 40 
contracts f o r  t h e  processing and app l ica t ions o f  Landsat data 
inc lud ing statewide land-use inventor ies  (Ohio and North Dakota) and 
reg iona l  inventor ies  i n  20 other s ta tes .  Appointed by the Nat ional  
Aeronau t i cs  and Space A d m i n i s t r a t i o n  (NASA) t o  be P r i n c i p a l  
Inves t iga to r  f o r  program t o  t r ans fe r  Landsat technology t o  p r i v a t e  
i n d u s t r y  us i ng  community c o l l e g e s .  Other programs i nc l uded  
app l ica t ions o f  Landsat t o  the surve i l lance o f  Lake Eut roph icat ion 
i n  the Great Lakes Basin; Inves t iga t ion  o f  Techniques f o r  Correct ing 
Landsat Data f o r  Sol ar and Atmospheric Ef fects;  Moni tor ing S t r i p  
Mine and Rec lamat ion;  and I n l a n d  Lake Water Qua1 i t y .  
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Co-invest i ga to r  on programs such as Landsat Management o f  Del aware1 s 
Marine and Wetland Resources and SkylabIEREP Studies o f  Delaware 
Bay. Managed 1 arge-scale system studies. Performed Shutt 1 e System 
Payload Design Study. 

PUBLICATIONS AND PAPERS 

" P o s i t i o n  Measurement o f  a Ta rge t  M i s s i l e , "  M a s t e r ' s  Thes is ,  
Southern Methodist Un ive rs i t y ,  1959. 

"On Proper t ies  of a Class o f  D i f f e r e n t i a l  Equations and Corre- 
sponding Higher Order D i f f e r e n t i a l  Equations,I1 Ph.D. D isser ta t ion,  
Michigan State Un ive rs i t y ,  1963. 

"Mu1 t i spec t ra l  Data Gathering Systems and Analysis," In te rna t iona l  
Remote Sensing I n s t i t u t e ,  1 s t  Annual Symposium Proceedings, Vol 1, 
21 A p r i l  1969. 

" Inves t iga t ion  of Mu1 t i spec t ra l  Techniques f o r  Target Acqu is i t i on  
Improvement," Meeting o f  the  I R I S  Spec ia l ty  Group on I n f r a red  
Imaging - 28-29 November 1972, E R I M  Report 102400-3-X, August 1973. 

Co-author , "Sate l l  i t e  Studies o f  T u r b i d i t y  and C i r cu l a t i on  Pat terns 
i n  Delaware Bay," Proceedings o f  the  American Society o f  Photogram- 
metry F a l l  Convention, Vol 11, 2-5 October 1973. 

"Machine Processing o f  ERTS and Ground Truth Data," (Radiometric 
Cal i bra t  ion) ,  Proceedings o f  Conference on Machine Processing o f  
Remotely Sensed Data, LARS, Purdue Univers i ty ,  IEEE Cat a1 og No. 
73CHO 834-2GE, 16-18 October 1973. 

"Automated S t r i p  Mine and Rec lamat ion Mapping f rom ERTS," 
Proceedings o f  3rd ERTS Synposi um, 10-14 December 1973. 

"Techniques f o r  Correc t ing ERTS Data f o r  So1 ar and Atmospheric 
Effects ," Proceedings o f  3rd ERTS Symposi um, 10-14 December 1973. 

Co-author, " M o n i t o r i n g  Coas ta l  Water P r o p e r t i e s  and C u r r e n t  
C i rcu l  at  ion  w i t h  ERTS-1 ,I1 Proceedings o f  3rd ERTS Synposi um, 10-14 
December 1973. 

Co-author, " Inventor ies  o f  Del aware1 s Coast a1 Vegetat ion and Land- 
Use U t  il i z i n g  D i y i  t a l  Processing o f  ERTS-1 Imagery," Proceedings of 
3rd ERTS Symposium, 10-14 December 1973. 
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Co-author ,  M o n i t o r i n g  " C o a s t a l  Water P r o p e r t i e s  and C u r r e n t  
C i r c u l  a t  i on  f rom Spacecraf t  ," Proceedings o f  2nd J o i n t  Conference 
on Sensing o f  Environmental P o l l u t i o n ,  1-12 December 1973. 

"Automated Land Use Mapping f rom Spacecraft  Data," Proceedings of 
Nat iona l  ACSM-AS Convention, S t .  Louis ,  MO, 10-15 March 1974. 

"ERTS-1: Automated Land-Use Mapping i n  Lake Watersheds ,I8 

P r o c e e d i n g s  o f  3 r d  Annual  Remote Sens ing  o f  E a r t h  Resources  
Conference, The U n i v e r s i t y  o f  Tennessee Space I n s t i t u t e ,  25-27 
March 1974. 

"Automatic C l a s s i f i c a t i o n  o f  Eu t roph i ca t i on  o f  I n 1  and Lakes from 
Spacecraft Data," Proceedings o f  9 t h  I n t e r n a t i o n a l  Symposium on 
Remote Sensing o f  Environment, ERIM, 15-19 A p r i l  1974. 

Co-author, " C o r r e l a t i o n  o f  Coastal  Water T u r b i d i t y  and C i r c u l a t i o n  
w i t h  ERTS-1 and Skyl ab Imagery," Proceedings o f  9 t h  I n t e r n a t i o n a l  
Symposium on Remote Sensing o f  Environment, ERIM, 15-19 A p r i l  1974. 

Co-author, " I n v e n t o r i e s  o f  Del awareR s Coastal Vegetat ion and Land- 
Use Ut  i 1 i z i n g  D i g i t a l  Processing o f  ERTS-1 Imagery," Proceedings of 
9 t h  I n t e r n a t i o n a l  Symposium on Remote Sensing o f  Environment, ERIM, 
15-19 A p r i l  1974. 

"Automatic Mapping o f  S t r i p  Mine Operat ions from Spacecraf t  Data," 
Proceedings 1974 ASCMIASP Nat iona l  Convention, Washington, D.C., 
10-13 September 1974. 

Co-auther, "Automatic Ca tego r i za t i on  o f  Land-Water Cover Types o f  
t h e  Green Swamp, F l o r i d a ,  U s i n g  S k y l  ab Mu1 t i  s p e c t r a l  Scanner 
(S-192) Data," Proceedings o f  American A s t r o n a u t i c a l  Society ,  20th 
Annual Meeting, U n i v e r s i t y  o f  Southern Cal i f o r n i a ,  Los Angeles, 
20-22 August 1974. 

Co-author, "Skylab and ERTS-1 I n v e s t i g a t i o n s  o f  Coastal  Land-Use and 
Water P r o p e r t i e s  i n  Delaware Bay," AIAA Paper No. 74-1220, AIAAIAGU 
Con fe rence  on  S c i e n t i f i c  E x p e r i m e n t s  o f  Sky lab ,  H u n t s v i l l e ,  
Alabiuna, 30 October 1974. 

Co-author, "Water Management Models i n  F l o r i d a  from ER'TS-1 Data," 
Proceedings of ERSS, Houston, Texas, June 1975. 

Co-author, "Ohio' s Statewide Land Use Inventory,"  Proceedings o f  t he  
ERSS, Houston, Texas, June 1975. 
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"Automated Mapping and Inventory  o f  Great Ba r r i e r  Reef Zonation w i th  
Landsat Data," Proceedings o f  Ocean '75 Conference and Exposit  ion, - 
San Diego, Cal i f o r n i a ,  September 1975. 

Co-author, "C1 ass i fy ing and Moni tor ing Water Qua1 i t y  by  Use o f  - 

Sate1 1 i t e  Imagery," Proceedings o f  In te rna t inna l  ,Conference on 
Environmental Sensing and Assessment ( ICESA) , Las Vegas, September 
1975. 

- 

"Appl ica t ion o f  Landsat t o  the  Surve i l lance and Contro l  o f  Lake 
Eutrophicat i o n  i n  the  Great Lakes Basin," Tenth In te rna t iona l  
Symposium on Remote Sensing o f  Environment, ERIM, 6-10 October 
1975. 

"Landsat-1: Automated Land-Use Mapping i n  Lake and R i v e r  
Watersheds," Proceedings o f  ASP-ACSM F a l l  Convention, Phoenix, 
Arizona, 26-31 October 1975. 

"Computer Mapping o f  Landsat Data f o r  Environmental Appl i c a t  i on  ," 
Proceedings o f  Workshop f o r  Environmental App l ica t ions o f  M u l t i -  
spect ra l  Imagery, For t  Be lvo i r ,  V i rg in ia ,  11-13 November 1975. 

Co-author, "A S t r a t e g y  f o r  Land Use/Cover Data F i l e  and Map 
Preparation," Bendix Report BSR 4239, 3 May 1976. 

Co-author, North Dakota Statewide Land Cover Analysis from Computer - 
Processed Landsat Data: (BSR 4258) Proceedings o f  the 43rd Annual 
Meeting o f  ACSM-ASP Convention, Washington, D.C., 27 February - 5 
March 1977. 

Co-author, V a r i a b i l i t y  of Sletland Reflectance and I t s  E f f e c t  on 
Automatic Categor izat ion o f  Sate1 1 i t e  Imagary, Proceedings o f  43rd 
Annual Meeting o f  ASP, Washington, DC, 1977. 

Co-author, A Procedure f o r  Merging Land CoverjUse Data from Landast, 
Aer id l  Photography, and Map Souces: Compat i b i l  i ty ,  Accuracy and 
Cost, Proceedings o f  43rd Annual Meeting o f  ASP, Washington, DC, 
1977. 

I8Forer , t land Type I d e n t i f i c a t i o n  and A n a l y s i s  i n  Western 
Massachusetts: A Linkage o f  a Landsat Forest Inventory  t o  an 
Opt im i  z a t  i o n  Study," Proceedings of  t h e  1 1 t h  I n t e r n a t i o n a l  
Symposium on Remote Sensing o f  ~nvironment,  Ann Arbor, Michigan, 
A p r i l  1977. 
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" A p p l i c a t i o n  o f  Landsat t o  t h e  S u r v e i l l a n c e  and Cont ro l  o f  Lake 
Eu t roph i ca t i on  i n  t h e  Great Lakes Basin," NASA F i n a l  Report, Bendix 
Report  No. BSR 44291, August 1977. 

"Land Use Inven to ry  Through Merging o f  Landsat ( S a t e l l i t e ) ,  A e r i a l  
photography, and Map Sources," Proceedings o f  t h e  F a l l  meet ing o f  
t h e  American Congress on Surveying and Mapping,'' L i t t l e  Rock, 
Arkansas, October 1977. 

Co-author, "Landsat Der ived Land Cover and Impervious Categor ies f o r  
Metropol i t a n  Washington : An Urban/Non-Urban Computer Approach," 
Proceedings of Spr ing  Meeting o f  American Soc ie t y  o f  Photogram- 
metry,  Washington, DC, 26 February - 4 March 1978. 

"Summary Report: A p p l i c a t i o n s  of Landsat t o  t h e  Su rve i l l ance  o f  
Lake Eu t roph i ca t i on  i n  t h e  Great Lakes Basin," Proceedings o f  
ACSM-ASP Annual Convention, Wasngton, DC, 26 February - 4 March 
1978. 

Co-author, "Use of Landsat S a t e l l i t e  Remote Sensing f o r  Regional 
E n v i r o n m e n t a l  P l a n n i n g  and Management ," I n v i t e d  Paper  a t  X V  
Convent  i o n  Pan Amer ican  F e d e r a t  i o n  o f  E n g i n e e r i n g  S o c i e t i e s ,  
Santiago, Chi le ,  October 1978. 

"Landsat Of fshore Stud i e s  Along t h e  Western Coast o f  Libya," Program 
S u r v e y  Depar tment  o f  L i b y a  F i n a l  Repor t ,  ERIM R e p o r t  No. 
307000-1-F, J u l y  1979. 

Co-author, "Landsat E i g h t  Band Two Season Land Cover C l  a s s i f  i c a t  i o n  
Compared w i t h  A e r i a l  Photographic I n t e r p r e t a t i o n  o f  t h e  Toledo, 
Ohio Area," Corps o f  Engineers Program, F i n a l  Report, ERIM Report  
No. 139100-1-F, 6 September 1979. 

Co-author, "Remotely Sensed Data Processing Techniques Present and 
Future," Symposi um Proceedings, I d e n t i f y i n g  I r r i g a t e d  Lands Using 
Remote Sensing Techniques: S ta te  o f  t h e  A r t ,  M issour i  R i ve r  Basin 
Commission, Sioux F a l l s ,  S. Dakota, November 1979. 

"Spreading NASA's Wealth," D e t r o i t  Engineer, Engineer ing Soc ie t y  o f  
D e t r o i t ,  A p r i l  1980. 

"Landsat Technology Transfer t o  t h e  P r i v a t e  and Pub1 i c  Sector  
Through Community Col leges and Other L o c a l l y  Avai 1 ab le  I n s t i t u -  
t ions,"  Proceedin ACSM-ASP F a l l  Technical  Meeting, Niagara Fa1 I s ,  7 NY. ASP Technica , Paper ISSN9271-4040, October 1980. 
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"Mapping Earth Resources and Ind ica to rs  of Desert i f  i c a t  i on  from 
Landsat Data,I1 Proceedings o f  Seminar on Environmental Moni tor ing 
f o r  t he  Arab World, Amman, Jordan, 26-29 October 1980. 

"Landsat Technology Transfer t o  t he  Pr i va te  and Publ ic  Sectors 
Through Community Co11 eges and Other  Loca l  l y  A v a i l  ab l e  
 institution^,^' Proceedings o f  t h e  1981 ASP-ACSM Annual Convention, 
Washington, DC, February 1981. 

"The Remote Analysis S ta t ion  (RAS) as an I ns t r uc t i ona l  System, f o r  
Remote Sensing and Geographic Informat ion System (GIs) Technology," 
Course on Remote Sensing .Educat ion (CORSE-81), Purdue Univers i ty ,  
18-22 May 1981. 

"Landsat Technology Transfer t o  the Pr i va te  and Publ ic  Sectors 
Through Community Co l l eges  and Other L o c a l l y  A v a i l  ab l e  
I n s t i t u t i o n s ,  Phase I 1  P r ~ g r a m , ~ ~  NASA F ina l  Report, E R I M  Report 
No. 154700-1-F, March 1982. 

"Survey and Evaluation o f  Techniques Required f o r  t he  Analysis and 
I n t e r p r e t a t  i on  o f  Spacecraft MSS Data by  Organizat ions Involved i n  
Exp lora t ion f o r  O i l  and Gas F ie l ds  During the  19801s," Prepared for  
Japan Petroleum Explora t ion Co. Ltd., E R I M  Report No. 314400-2-F2. 
June 1982. 

Co-author, "Land Use C a p a b i l i t y  Assessment Us ing Geographic 
I n f o r m a t i o n  System," Proceedings o f  Auto-Carto 5,  F i f t h  
In te rna t iona l  Symposi um on Computer-Assisted Cartography, Crystal  
City, V i r g i n i  a, 22-28 August 1982. 

Co-author , "Appl i c a t  i on  o f  Geographic Informat ion  Systems i n  Land 
Use Planning," Proceedings o f  20th Annual Conference o f  t h e  Urban 
and Regiona l  I n f o r m a t i o n  Systems A s s o c i a t i o n  (URISA ' 82  
Conference), M i  nneapol is ,  Minnesota, 22-25 August 1982. 

Co-author, "Design f o r  a Remote Sensing Center i n  the  Jordan 
National Geographic Center, Amman ," Prepared f o r  USAID, E R I M  Report 
No. 176510-1-L, January 1986. 
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PROFESSIONAL SOCIETIES 

American S o c i e t y  o f  Photogrammetry (ASP): Board o f  D i rec to rs ,  
Eastern Great Lakes Region (1981-1986), Pres ident  EGLR (1980), 
V ice  Pres ident  EGLR (1979) . 

Science Research Club o f  t h e  U n i v e r s i t y  o f  Michigan. 
American Soc ie t y  o f  Photogrammetry-Hydrospheric Sciences Cornmi t t e e  
Michigan Map Soc ie t y  
American Defense Preparedness Assoc ia t ion  

AWARDS AND PATENTS 

U.S. Patent 3,050, 642, "Combined Squelch C i r c u i t  and Amp l i f i e r , "  
August 21, 1962. 

U.S. Patent  3, 193,177, "A T r a n s i s t o r  Amp1 i f e r - O s i  11 a to r  w i t h  a 
Feedback Swi tch ing  C i r c u i t  ," J u l y  6, 1965. 

Dur ing h i s  te rm as Pres ident  o f  ASP EGLR, EGLR rece i ved  the  Region 
o f  t h e  Year Award and he was g iven  t h e  Ford B a r t l e t t  Award f o r  
ou ts tand ing  s e r v i c e  t o  t h e  Soc ie ty .  
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