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place:  Yulin  71.2%,  Ejin  Horo  58.5%  and  Dalad  49-3%.  The  percentages  of  desertified  farmland  and 
in  total  cultivated  area  are:  Yulin  11.46%,  Dalad  11.4%,  Hengshan  11%,  and  Dingbian  10.2%.  It  is 
inferred  that  the  non  degraded  land  is  only  0.52%;  the  light  degraded  land  is  3.28%;  the  moderate 
degraded  land  is  45.88%,  The  serious  degraded  land  is  50.28%  of  the  total  area  of  the  studied  area.  It 
belongs  to  the  most  barren  area  in  China,  and  little  progress  has  been  made  in  the  rehabilitation  of  the 
desertified  land.  For  example,  in  Abode  County,  where  soil  erosion  is  serious,  only  25.6%  of 
farmland  has  been  ridded  of  wind  erosion  menace;  The  improved  area  percentage  in  Shenmu  is 
29.2%  and  Junggar  15%.  So  we  should  pay  great  attention  to  development  and  environmental 
renovation.  More  investment  must  be  used  to  speed  up  the  rehabilitation  of  the  degraded  land. 

4 ， wa 血     。     。 " 幽 " ― 
The  agricultural  and  industrial  need  for  water  supply  can  be  ensured  by  regulating  the  river's  runoff 

in  the  region.  Except  for  the  main  stream  of  Yellow  River  that  runs  through  the  whole  region,  local 
water  resources  are  insufficient  The  total  runoff  volume  of  rivers  is  3.28  billion  m3,  and  the  ground 
water  reserve  is  2.26  billion  m3.  After  deducting  the  overlapping,  the  total  water  resources  are  only 
4.46  billion  m3.  Due  to  the  great  differences  between  dry  and  f100d  runoff,  natural  rivers  mean 
no 而 ng  め the  need  brwa 仁 rSupply  unleSSthe  川 noF  iSFegulated ・ T      ng  Kuye  田 vef  atShe    u 
S は 丘 On  卜川 ex    ple ， 山 e  町日 teStdiSCharge  is  1300o  m3/s 印 ， whiIe  山 e  而血 mum  iS  Only  O ， 凹 8 
ins/sec   

TheSm 山口 pe ひ oon  haS  good  の n 山卜 on  forb 山 l 山 ng  l 町 gesCale  reservoir.AfterpegUlated  by  l 町 ge 
r    口口 F ， 山 e  川 no 什 vol    e    Sa 廿 s け thede 口   d  O 「 water5uppIy  forind 山田司川 d  a      CMT   
production  if  the  energy  source  base. 

1n  order  to  increase  about  250  million  m3  of  water  supply  for  industry  and  agriculture,  the 
Zhuanlong  Reservoir  on  Tuwuihe  River  is  under  construction  in  the  Shenfu-dongsheng  Coal  Held 
development  area.  After  completion  of  the  project,  the  water  supply  can  increase  by  367  million  m3 
(890  thousand  ton  /day)  for  low  water  year  (p=75%)  and  272  million  m3  (746  thousand  ton/day)  for 
extreme  low  water  year. 

Shen-Yu-Heng  coa1,  power  and  chemical  industry  developing  area  needs  to  increase  423  million 
m3  of  water  supply.  The  water  supplies  can  be  added  632  million  m3  (1.73  million  ton  /day  )  in  low 
w 汀 ery    ， 川 d  矢 lmiIIion  凪 (1.53  million  ton  /day  )in  ex 位 lme  low  water  yearafter 山 e  r 卜 ew 田 L 
being  built  up  at  Wanggedu  on  Wudinghe  River,  Lizhi  on  the  lower  reaches  of  Tuweihe  River  at 
Hongshanxia   

The  guiding  ideology  has  been  further  defined,  that  is  to  build  a  optimal  environment  and  efficient 
a      C 山加 L ・ We  m 山 t  hel 如 (ten  山 e  の瓜 cmo 山 n    Of    口 manon  dewloPment  ln  「 卜 0    卜 ， 

  puaFon and  enviro    切 L  more  inveStment  should be gmmdually poup 田 tb  build  a  ぬ 血叫 
environment  for  the  sustainable  development  of  energy  source  and  heavy  chemical  industry  base     

(1)  It  is  suggested  that  a  special  economic  developing  area  should  be  founded  to  form  an  united 
administrative  body,  which  will  be  advantageous  to  heighten  the  levels  for  developing  energy  sources 
川 d  口 dlmI 口色 " 川 。山の n 口 d]CuonS   

(2)  The  railway  advancing  south  must  be  built  up  as  quick  as  possible  to  change  the  situation  that   がれ口円口 り ldeCideS 山 e    OuTuL 
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fig.1  Average  Annual  Rainfall  of  the  Yellow  River  Basin  1) 

3.1  Upper  Reach  The  upper  reach  starts  from  Bayan  Har  Mountains  of  Qinghai  Province  up  to 
Togutoh  in  Inner  Mongolia  autonomous  district.  The  length  of  the  river  in  this  region  is  3,461km  and 
covers  an  area  of  368  thousand  square  km  3)  .  The  region  can  be  separated  into  two  subregions;  the 
source  and  the  upper  reach   
The  source  subregion  is  mainly  in  the  Qinghai  province  and  is  sparsely  populated.  The  main 

environmental  concern  is  land  degradation  due  to  overgrazing('  .  Generally,  environmental 
degradation  in  this  area  is  light  compared  with  the  other  regions,  and  thus  shall  not  be  discussed 
further  in  this  paper. 
The  upper  reach  subregion  includes  the  northeastern  part  of  Qinghai  province  and  most  of  Gansu 

province  and  Ningxia  Huizu  autonomous  district,  together  with  the  south  western  portion  of  Inner 
Mongolia  district.  The  subregion  contains  deserts  such  as  the  Tennger,  Ulan  Buh  and  part  of  Mu  Su. 

3.2  Middle  Reach  The  middle  reach  is  from  Togutoh  to  Huayuankou  in  Henan  Province.  It  covers 
the  length  of  1,235km  and  area  of  362  thousand  square  km  3>  .  It  runs  through  Inner  Mongolia 
district,  Shanxi,  Shaanxi  and  Henan  provinces.  Most  parts  of  this  region  are  covered  by  loess  or  the 
Ordos  plateau.  Another  characteristic  is  that  the  region  embodies  the  largest  content  of  coal  in  China, 
while  coal  is  still  the  primary  fuel  of  this  country. 

3.3  Lower  Reach  The  lower  reach  starts  from  Hwayuankou  and  covers  the  length  of  768km  ''   
Due  to  continuous  sediment  of  soil  in  the  river  bed,  the  height  of  river  bed  is  higher  than  surrounding 
grounds  in  78.5%  of  the  river  length  in  lower  reach  3)  .  This  makes  the  geographic  definition  of  basin 
area  quite  difficult.  It  should  be  considered,  however,  that  the  broadest  area  of  influence  should  be 
taken  in  order  to  establish  an  integrated  regional  development  plan.  In  this  regard  the  basin  will  cover 
a  wide  section  of  the  Huanhuaihai  plains.  The  river  basin  in  this  sense  covers  72  thousand  square       
in  Henan,  Hebei  and  Shandong  Provinces   

4.  Environmental  Degradation;  Its  Causes  and  Countermeasures 

4 ・ l  Upper  Reach Inf 「 aStructures  in  ・ ぬ e  vicinity  of  山 p. dp お山   p 『 one  to be  damaged  by  山 e 
desertification.  The  major  cause  of  desertification  in  this  area  is  by  windshift  and  by  human  induced 

causes,  Cities  mainly  such  as  overgrazing  Lanzhou,  and  Yinchuan  inadequate  and  farmland  Baotou  lie  development''  in  this  subregion  .   TO  upg ロ九 山 e  h 眠れ IIving 
conditions,  adequate  agricultural  development  is  necessary  to  feed  the  population  and  to  secure 
employment.  It  may  be  noted  that  import  of  food  from  other  regions  is  difficult  due  to  limited 
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infrastructure.  One  reason  that  infrastructure  development  in  this  region  is  limited  is  the  presence  of 
deserts.  One  example  to  overcome  this  problem  is  the  Baotou-Lanzhou  railroad  that  crosses  the  edge  of 
Tennger  desert. 

Irrigation  is  indispensable  to  underpin  the  production.  However,  excessive  usage  of  water  in  this 
region  will  cut  the  water  supply  in  the  lower  regions  of  the  river  basin.  Therefore  the  main  focus  of 
environmental  protection  should  be  to  establish  a  water  usage  plan  for  sustainable  farming,  together 
with  the  prevention  of  further  desertification  caused  by  windshift  and  human  induced  causes   

4.2  Middle  Reach  The  region  produces  approximately  90%  of  sand  in  the  Yellow  River  3)  .  The 
soil  is  washed  into  the  river  mainly  through  windshift  in  the  northern  part  and  rainshift  in  the  southern 
part"  . 
The  loess  plateau  is  very  easily  washed  by  these  actions.  The  land  degradation  is  accelerated  by  human 
activities.  In  some  districts,  the  influence  dates  back  to  at  least  the  Han  dinasty  t)  .  Land  degradation 
is  further  aggravated  by  the  recent  large  scale  development  of  coal  mines,  especially  in  the  border 
district  between  Inner  Mongolia  and  Shaanxi  ̂ )  . 
To  diminish  this  trend,  short  to  medium  measures  such  as  the  construction  of  small  dams  which 

collect  the  washed  soil  and  restriction  on  undesirable  farmlands  which  increase  the  rate  of  shifting  must 
be  taken.  The  long  term  measures,  however  should  be  to  fix  the  soil  in  position   This  is  probably  best 
achieved  by  planting  regionally  suitable  trees  and  shrubs. 

3 十 Lower  Reach  The  lower  reach  is  one  of  china's  most  prosperous  areas  for  agriculture.  For 
example,  Shandong  Province  boasts  the  largest  province-wise  agricultural  production.  Sustainable  use 
of  water  is  essential  to  maintain  the  region's  productivity.  Measures  to  cut  out  the  excessive 
irrigation/poor  drainage  must  be  incorporated.  Such  measures  not  only  reduce  total  water  usage,  but  the 
sedimentation  of  soil  in  the  irrigation  system  and  salinization  is  also  alleviated. 

5 ，   ereoul 忙 mentofanI 祀灯推 dm 川 BLln 而   m 

ReLmnC 吟 

， ) 川臨廿吉         ・，       H 盟孟斗伴             器刊 to 笛器よぽ "          、         媒ほ           " 晋 gS 日 plllpU[ ぎほ十               捻辞肝ぎ￥ 。 肛撚 。 w 

2:                                                                                            欝驚                                                                                                     緊薫 話                             躍灘南点 で 而三安 浦浦 邑 ・ ま三ま。                     h@ 二 Ovor 二三三 " ご了 

三灘 ;; 首                                                                                               ; 再灘灘蕪 蓮 醐灘灘婁藻 ; 三 ldRi 岩耳荘苫       三三 ;";" 

Since  the  Yellow  River  runs  through  all  these  areas,  the  problems  encountered  must  be  handled  not 
individually  but  in  an  integrated  program  that  optimize  water  utilization  and  minimize  land  degradation 
of  the  entire  basin.  Such  integrated  program  must  incorporate  the  product  of  existing  research  programs 
and  development  efforts  while  diminishing  its  side  effects. 

Special  attention  must  be  taken  so  that  the  water  usage  of  upper  shed  will  not  hurt  the  sustainability 
of  irrigation  in  the  lower  shed.  The  decrease  and  prevention  measures  for  the  soil  washed  into  the 
Yellow  River  in  the  middle  reach  is  also  very  important. 

Global  Infrastructure  Fund  Research  Foundation,  a  nonprofit  organization  focusing  on  the  better 
management  of  limited  global  resources,  has  organized  the  subcommittee  on  the  greening  and  regional 
development  of  desert  area.  The  subcommittee,  composed  of  members  from  various  sectors,  is  now 
planning  to  execute  a  research  program  in  C      口 tion  w テ小 its  Chinese  counteppann  to  promote  山 。 

formation  of  such  integrated  program. 

JAALS



    %M       イ川         

  

PV  Based  Rural  Electrification  in  Nepal  - 
Problems  and  Prospects 丁 agan  Ha 仁 h  S 卿 S 凹   

ぬ も "raC""  MOre  than  go 十 Of  the  total  ppu エ atat 十 。 n lof  Nepal,  a  8 旭上ユ H 土 mala¥m 
k 十叫 d 伽 ， do not have             to                                                               O 亡 m 日ヒ。 でて e 如 te 
a て e ユ巳エ n the nea 「 茸 ut 八て e ユ E8 not 甘 O 亡 eseen   

The  亡ユ M エ叫 aa  Of  如ユエ m て如 g  w  L 十 qth ヒえ ng  pr 叫 て a 而 e ， a  PV も a 日 ed  川で a 上 

e 上 eCtr エ f 人 Cat 斗 On P 十 lot proj ・ eot, are h エ ghl 十 ghted w ユ t 九 Pa て t ユ Cula て reference to 
                                              of                     PV                                   ト山 8 十色 ゾ P 。エエ Cy  。 茸         
                    GOvernment  of  NeP 久 l  on                                                                             
solar ・ economics ln ヒ he NepaleLe COntext   Su ヨ ge もヒ人 On 日 三て e g 人サ en On hoW pV baSed 
          Home  System  can  be  made  affordable   

Key               Rural                                     solar                       s 山寸 dy ― 
1t  is  estimated  that  more  than  two  billion  people  on  earth  do  not  have 

access  to  electricity  -  the  single  most  important  boon  of  mother  nature 
to  hum    be エ ITg8 ・ The  per  capita  consumptlon  of  e 工 eCt 二ユ Cal  ene て   Of  a 
coUntLy  is  a  measure  of  the  progress,  deve 工 opment  and  the  PhyS ユ ca エ   a オエヒ y 
of  llfe  lndex  (PQLI)  of  that  countrv. 

Electricity  is  no  longer  considered  a  luxury  -  in  fact  it  has  become  a 
basic  need  even  in  rural  areas  for  survival  needs  -  water  supply  and 
disinfection,  health  care  and  development  and  basic  needs  -  electric 
lighting,  education,  rural  telephone,  TV  and  radi0,  air  ventilation,  water 
pumping,  irrigation,  insect  contro1,  workshops  and  cottage  industries.  This 
is  why  physical  quality  of  life  index  (PQLI)  is  usually  plotted  against 
energy  consumption.  The  PQLI  focuses  on  four  measures  of  well  being     
infant  mortality,  life  expectancy,  literacy  and  access  to  information   
These  indicators  are  considered  to  reflect  the  most  basic  desire  of  people     
that  is  to  live  longer  with  better  health,  better  education  and  better 
opportunity   

Just  a  few  watts  of  reliable  electricity  can  bring  a  dramatic  change  to 
the  standard  of  living  and  social  progress.  All  these  facts  indicate  one 
thing  -  access  to  electricity  is  the  fundamental  right  of  every  citizen  of 
a  country. 

              C エ tV ― 
Nepal  Electricity  Authority  (NBA)  reports  that  total  available  electrical 

energy  for  1994  was  estimated  to  be  1034  GWH  out  of  which  only  765  GWH  will 
be  sold  to  426,350  customers.  Out  of  this  it  is  estimated  that  only  275 
G    w エ l:l@  be  so エ d  to  405,663  domeS ヒエ C  consumers  ma エ n エ y  エ n  u て ban  areas ・ The 
average  consumption  of  electrical  energy  among  these  consumers  comes  out  be 
about  370  WH  per  person  per  day,  considering  five  members  in  each  family. 
This  means  more  than  90%  of  the  total  population  and  almost  all  people  in 
  て a 上 areas  are  depr エ ved  of  e 工 ectric エ ty ・ The  ma]o て source  of  eleCt てエ Ca エ 

energy  in  Nepal  is  hydro  power   

三 ， SOla 「 P 工 eL        LV  土 n   
For  a  la 「 ge  part  of  the    ral  populatlon  COn8um エ ng  エ ow  eleCtr エ Cal  ener    ， 

there  エ s  no  ガエ   le  alternative  to  solar  eleeCt 二エ C ユ仁 y  for    ra 上 

e 工 eCt てエ f エ Ca 仁ユ lon.  The  OPe 「 atlon and  malntenanCe  COSt  Of  d エ eSel  generaLo て s  エ s 

サエ ns 仁エ tuLe  of  Eng ・ ， Tr 土 bhuvann  Un 土 v ・， Kathmandu ， Nepa エ (FaX:+977 エ 552 エ 9985) 
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too  high,  biogas  technology  does  not  work  satisfactorily  on  the  fairly  cold 
high  plains  or  in  the  mountains  and  would  be  difficult  to  realize  with 
roving  herds  of  cattle.  Small  hydro  turbines  need  specific  topographical 
conditions  that  are  only  found  near  a  small  percentage  of  users  dwellings. 
Solar  electricity  generating  systems  which  do  not  need  fuel  or  extensive 
infrastructure,  are  easy  and  quick  to  install  and  are  thus  the  single  most 
att 「 aCt エ ve  a エ te 「 native  エ n many  上 ocationS  Of  the  count 「 yo 

It  ユ卜 not  C エ a エ med  that  solar  electrlClty  (SOlaar  HOme  E エ eCtrlCC  L エ aht エ ng 
SysLem-SHS)  can  SO エ Ve    ra エ eleCtr ユ f ユ CaC エ OOn  エ SSues  CO    letely ・ The  SOlar 
Home  System  too  has  limitations  and  problems  but  these  can  be  overcome  with 
proper  planning. 

There  are  six  basic  preconditions  to  be  met  if  rural  electrification   
problems  are  to  be  solved  with  the  Solar  Home  Electric  Lighting  System     
a) Proper  SHS  planning; 
b)  Suff エ C ユ ent  and  stable  so 上 ar  エ Lrad エ anCe  over  the  whole  yea て ; 
c) Low  energy  need  of  potential  users; 
d) No  electric  grid  connection  in  the  foreseeable  future; 
e) Proper  maintenance  schedule;  and 
f)  Act エ ve  part エ C エ pat エ On  Of  Lhe  SHS  uSers   

Solar  Home  Systems  (SHSs)  are  basically  meant  to  supply  direct  current 
for  such  things  as  fluorescent  tubes  with  electronic  ballast,  TV  sets, 
radios  and  cassette  or  video  players.  These  systems  may  also  seem  very 
attractive  to  the  consumers  because  they  are  modular  and  they  offer  a 
measure  of  independence  from  the  utility  service. 

Solar  electricity,  depending  upon  its  generating  size,  is  still  2  to  6 
times  more  expensive  than  heavily  subsidized  grid  supplied  electricity 
which  costs  as  little  as  Rs.  3  (US$  0.06)  per  unit.  Therefore  Solar  Home 
Systems  seems  to  be  hopelessly  uneconomical  where  grid  supplied 
electricity  is  available.  But  it  is  illogical  to  compare  two  similar  things 
when  both  of  them  are  not  available  at  the  same  time  and  at  the  same 
place.  Furthermore,  Solar  Home  Systems  are  meant  to  satisfy  basic  needs. 
With  a  grid  supply,  the  user  has  more  options  for  the  consumer  appliances. 
Provided  it  is  reliable,  a  grid  supply  is  always  more  attractive  to  a  user 
than  solar  home  systems.  Nevertheless,  because  of  the  higher  installation 
and  operating  cost,  a  grid  supply  will  very  often  not  be  the  best  option 
for  electricity  companies  specially  when  rural  electrification  has  to  be 
considered.  It  is  clearly  shown  that  the  cost  of  generating  solar 
electricity  is  more  than  four  times  cheaper  if  energy  consumption  is  6 
KWh/day  and  if  the  user  is  located  at  a  distance  of  2.7  Km.  from  the 
utility  grid  (Perez,1993). 

Nepal  Te エ eCo      エ catlons  CO    Oraat ユ OOn  has  become  the  most  s エ   エ f エ cCan ヒ 

user  of  so エ a て e 上 eCt てエ c エ Cy  amounting  to  more  than  6OO Kwp  generating about 
300O    /day  of  electrlcal  energy  at  more  than  250  工 OCat ユ onS  of  the 
countryt  Sl 川エエ a て工 y  the  Department  of  C ユ v エ l  Av エ aat エ On  (D    ]  ls  us エ ng  mo て e 
than  エ 4    P  of  so エ aL  e エ eCtr エ C エヒ y  at  43  1OCa ヒエ On 日 for  CO    エ CaC エ On 
e    エ pmen ヒ ・ SO  far  Lhe て e  ha7e  been  no  CO 町工 a エ nts  aga ユ n8L  Lh ユ S  teC    Olo    at 
these  locations  probably  due  to  good  solar  insolation  prevalent  at  these 
places.  Nepal  Electricity  Authority  has  installed  centralized  PV  based 
generating  stations  with  a  total  capacity  of  130  KWp  at  three  different 
locations.  The  operation  of  these  systems  are  found  to  be  not  satisfactory 
because  of  the  centralized  system  approach. 

Solar  Electricity  C0.,  Wisdom  Light  Group  and  Lotus  Energy,  the  Nepalese 
enLe 可てエ日 e 日 エ nVolved  エ n  PV  baSed ru 「 al  eleCtL エ f エ Cat エ OOn,  are  p て OduC エ ng 
ba 工 anCe  Of  卜 yStems  and  lam エ nat エ ng  w  moduleS  loCa エエ y ， TheSe  CO 町 an エ e 卜 are 
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reported  to  have  sold  more  than  200  SHS  in  more  than  30  districts  of  Nepal 
within  last  two  years.  Centre  for  Renewable  Energy,  the  only  Nepalese  NGO 
promoting  renewable  energy  technologies,  is  heavily  involved  in  managing 
and  promoting  PV  based  rural  electrification. 

There  is  a  government  policy  of  significant  subsidy  for  micro  hydropower 
plants.  This  amounts  upto  75%  of  the  total  cost  of  electrical  equipment. 
L エ kew ユ Se  there  エ s  a  heaVy  s 此 s エ dy  on  ユ叫 O 二 ted  ke て OSene  and  nat エ Onal 
色 leC ヒ r エ C エヒ y  gr エ d  8upp 工 y  speCla 工工 y  fo て tho 卜 e  COnSumerS  Who  COnSume  abou ヒ 

2O  Kwh  per  month.  A  successful  subs ユ dy  Prog 「 am  for  b エ O-gas8  ls  a エ sgo  belng 
implemented  in  Nepa1.  It  is  hoped  that  the  policy  makers  will  consider  this 
matter  and  recommend  some  subsidy  also  in  the  case  of  PV  solar  electric 
home  light  system  in  very  near  future   

4.  A  Pilot  Pi^lfifilL-QD  PV  baspd                      ""' 。 " ― 
A  pilot  project  on  PV  based  rural  electrification  was  launched  in  1993  at 

Pulimarang,  a  remote  village  in  the  Western  Development  Region  of  Nepa1. 
The  basic  stand  alone  Solar  Home  System  (SHS)  consisted  of  a  35  Wp  solar 
module,  70  Ah  automotive  battery,  charge  controller,  three  8  Watt 
fluorescent  lights  and  accessories.  The  total  cost  of  &he  system  including 
installation  was  Rs.  23,000.00  (US$  460.00) .  The  users  of  SHS  have  formed  a 
Solar  Users  Group  to  manage  the  electrification  programme   

Afte 「 the  ユ nsLa 工工さ ヒエ On  Of  47  SOlar  PU  home  卜 ySLem8  エ n  Pu エユ marang  the 
following  initial  soci0-economic  impacts  have  been  observed: 
  consumption  of  kerosene  has  been  reduced  from  35  litres  to  less  than  10 

litres  per  month  in  the  village; 
  students  study  one  hour  more  per  day  during  evening; 
-  an  evening  shaw 工 kn ユヒ tlngng  ヒ r 巳エ n エ n<  P て Ogamme  for  women  haS  been  started; 
  solar  electricity  is  used  now  to  power  radios  in  the  morning  and 

daytime,  thus  reducing  consumption  of  dry  cell  batteries; 
  the  TV  news  is  watched  daily  and  many  Nepal  Television  programmes  are 

very  popu エ ar  amongst  如オエ mar さ ng  peop エ ef 
  normal  bed  time  has  shifted  from  sun-set  to  as  late  as  22:00  hours; 
  the  adult  education  programme  in  the  village  is  becoming  more  popular 

and  six  such  programmes  are  being  run  as  against  one  before  solar 
e ユ eCtr エ C エヒ y  was  avail 壮 le  ln  the  vil ユ age; 

-  Lhe  d エ 5Lr エ CL  deve 工 opment  committee  is  planning  to  alloCa 仁 e  budgeL  for 
supportlng  alternate  energy  Projects  ln  the  a    ua エ p て巧て a    e; 

  nearby  villagers  have  also  shown  a  great  interest  in  electrifying  their 
own  village  homes; 

  the  trained  technicians  of  Pulimarang  have  installed  two  PV  home 
systems  at  neighboring  villages;  and 

P  the  prev エ olou 卜 エ   ah エ tanntta  Of  pu エエ marang  current エ yy  res エ d エ n<ng  エ n  urban 
area 色 are  Lh エ nnk エ ng  to  come  back  to  own  vl 工工 age  specia 工工 y  after  the 
availability  of  solar  electricity  in  the  village. 

1t  is  estimated  that  more  than  250  households  in  the  rural  areas  of  Nepal 
have  been  using  SHS  for  the  last  5  years  without  any  significant 
川巳ユ nLenarbCe  P 二 Ob エ em ・ P エて SL@  armn ユ VerSa    O 戸 5uCCe 日 gful  OPeLat エ On  Of  the 
  工土 ma 二 ang  Solar  E エ eec ヒ て土 C  Lighting  Pro コ &Ct  十 nd エ caLes  thaL  SHS  土日 て e エ 土   工 色 
P て oU エ ded  エ OCa エ participation  エ g  ensured  from  the  beg 土 nn エ ng   

de   Le  ? 
what  everybody ， ユ nClud エ ng  the  、 thlnk  tanks'  of  ・ ヒ he  government ， g  ener   

sector,  generally  think  is  that  solar  electricity  is  expensive  compared  to 
hydr0-electricity.  It  may  be  true  if  compared  with  a  heavily  subsidized 
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g てエ d  SUPp 工 y ・ 肋 en  CO 町色て ed  川エ th  川 5 比 s エ d エ Zed  ね y な O-e エ EeCLr エ C エ ty  and  Other 
COnvent エ Ona エ sourCe8  Of  eleCt てエ Clty ク the  sola て e ユ eCtr ユ C エヒ y  beComes 
CO    ar    le  or  even  CheaPe て ・ To" check  whether  it  is  true ， エ et  us.  for  t エ me 
being,  list  out  the  data  available: 
  Almost  50%  of  the  NEA  consumers  pay  Rupees  0.5  less  per  unit  than  the 

actual  cost  thus  amounting  a  subsidy  of  Rupees  24  million  annually. 
-  Nlnety  percent  of  the  Nepale も e  poPulat エ O On  ・ use  kerosene  fo 二 l ユ ght エ ]ncr.   
  Nepal  has  imported  nearly  161  million  liters  of  kerosene  in  1993/94   
- Almost  エ O 斗 of  thus  土叫 O て ted  kero8ene  エ日 u8ed  fo ・ r  エエ ght 土 ng  pu 可 OSeg   
-  Cons エ der え ng  that  a  subsidy  of  Rg ・ ユ ・ 78  per  llter  エ S  g て   ted  to 

kerosene,  the  kerosene  lighting  people  consume  almost  Rupees  286 
million  of  subsidy. 

The  initial  system  cost  of  a  small  solar  electric  home  system  (SHS), 
even  though  コ u 卜 t  Rg ・ 23,000 ・   00 ， 土日も ヒエユ 土 a  8    日 t    t 上巳 l  a 巾 。   L  f 。 r  川 
average  Hepal エエユ V ユ ng  ユ n  口 ra エ area ， But  ユ t  エ 8  Ce て ta エ n  that  mo5L  Of  the 
rural  dwellers  can  pay  a  monthly  installment  if  it  is  not  too  high   
Therefore  for  those  who  can  not  be  aCCe 日日 ed  ヒ h て Ough  旧 P  gr エ d ク effeftlVe 
stand  alone  PV  based  electrlc  人 n らヒ a 土 la ヒエ on  can  be  made  oPeratlve  Lh て Ough 
various  schemes.  For  example  if  the  government  can  keep  aside  just  Rupees 
0.05  per  unit  sale  of  grid  electricity,  almost  3000  households  can  be 
electrified  annually.  Similarly,  just  10%  of  the  amount  of  the  subsidy 
given  to  kerosene  can  be  kept  aside  for  electrifying  additional  2000 
households  annually.  Government  or  other  similar  agencies  can  develop  a 
suitable  installment  scheme  to  get  the  electrification  cost  recovered  from 
the  users.  Even  if  the  government  is  reluctant  to  invest  on  solar  rural 
electrification,  it  can  instruct  the commercial  banks to  provide  a  low 
interest  lending  to  those  willing to  install  SHS against  land  as 
collateral   

6 ・ C 。 n 。 lUS エ L 川 
Solar  electricity  is  a  prime  example  of  a  good  technology  :  modular,  non- 

polluting,  quiet,  clean,  benign,  trouble  free,  sustainable,  long  lasting, 
easy  to  instal1,  universally  available  and  independent  of  economy  of  scale   

It  is  indicated  that  the  key  issues  identified  at  the  Earth  Summit  in  Rio 
as  threats  to  the  environment  -  climatic  change,  destruction  of  the  ozone 

layer,  poverty  soi1,  and  migration  air,  and  water  etc.  -  pollution,  are  all  energy  desertification  problems.  According  and  deforestation, to  Scheer 
the  only  approach  that  will  allow  these  issues  to  be  tackled  effectively  is 
to  aim  for  a  global  solar  energy  economy:  the  complete  replacement  of 
fossil  fuel  and  atomic  power  generation  by  renewable  sources  of  energy.  He 
st 「 eSSeS  that  the  SO エ ar  「 evo エ utlon  needs  new  SuPporter ヨエ n  soc エ ety   ， エ n 
pol エ tlCs ， エ n  eConomlcC5,  in  SCienCe  and  in  the  media  (SCheer ，エ C994) ・ 

For  stand  alone  PV  home  power systems  to  succeed,  their  modest 
ma エ nntenanCe  て e    エ 「 emenLS  muSt  be  met ， and  ma エ nten 巳 nCe  COsL8  a て e  no ヒ 

negligible.  The  users  of  PV  solar  home  systems  must  be  given  the 
information,  access  to  subsidized  financincr.  and  access  to  information  on 
alternatives,  so  that  they  can  choose  the  best ・ エ t  lS  エ   O てヒ anL  LO  eduCaLe   

supplying  energy,  and  who  denounce  solar  energy,  whenever  they  have  chance   ― 
            R ， (1993) ， photoVolta エ C  SysLem ，                     ，お ， 33-37   
              H ・ (1994) ， A  SOla 「 Map エ乍 eLto ，           and ・ James,  London,  18,  204   
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Approach  to  DeSerit エ f エ cattP エ oon  COntro 工 Measures 
via  Agr エ Crcu 上 tura 上   d  Rura 上 Deve 工 opment 

-  In  line  with  the  Demonstration  Study  of  Desertification  Control 
Measures  in  Niger  - 

Mitsuhiro  Got0,  Norio  Nawa,  Ken  Nishida 
Japan  Agricultural  Land  Development  Agency 

め S 仕 a 比 ・ M    如卜比 natural                             C 却ぬ 戸   巳茸 or  desert ュ f ユ cat エ如， 
of                       note ユ S Lha ヒエ t エ S             by ・ human                           that             the 
p      S 与 L 人 。 十       La  O 廿 Lh 。でて ag えエ e  eC 。 loW tn  which  山 ey  are  C 打で エ e 色 。 u ヒ ・ Ta      g  the ― " 。                       a ヨヒ he    ユ斗 e 日 t  SoC エ o-eCon      C nn エ t ， we  le    o 寸   y  cases     
W 九エ Ch                                     is ・ promoted                 the  v エエエ age  when  the  エ and and           
                                                                                                                          Eanninc,  and 
forestry ・ (or                                                 ユ n           supply                 the  V ユユエ age  川 d 

level  therefore in  ・ line  rely  with  on  outside  future 如。。 i   "       竹 e て エ e n  廿 o pop て e じ ， laa ヒエ 8ta  oon  ls  入 ede tholoUght  lo  to  be  tatthe the  basis               
dese 「 t エ flCECaL エ On COntro エ meaSu て e ト 

血色 卜 めて e ， 把ぬ w  F 比廿山 A 九日 eLL 土 f エ Camn C 。 n 仕 。 入可川 Vu      L 口 aL 土印エ   打 

ま g 、 姦 、 もダ諾ま 。           L 姦 。 三て :c: 仁ぽお よ、 " 。，」。 。 k  fanning ， and  ｣。，。，、り， 」、 king  」 h 。 

エ・ エ ntroduC ヒエ on   
and  effectlVetec to  d 。 m 。 " ， ， 血 t 叶 。 エ 。 。 九 w ，                                                               es.  while On  ・ at  the  the  basis san sameL oftheresultsofth エ mme エ den ヒエ十 y エ ngmore エ S   
2 ・ The satate  Of  deSe 「 tlfiCatlon  ユ n  Mag<u   

2 ・ 上 The                                           fanning                                                         

L 三 V 写 三員三 ま三亡ま緊箕 atL ご三三目色 L 三 n 三 fth 三 n 三 a 三三三 1; 三 eL 三 言 三三 d( 三ぎ 0 二戸工 DpoSlLlonlng);y 三三 e 三 ho 二 三 

T 杜上 e  上 T 。 p 。 g 「 aph エ Cal                         ニ n 日 工ミ コ d  USe (    エヒ : ha) 

TOPograph え Ca ユ Later 。り OSed  エヒ e/ て OCk 斗 叫 a aSs て "e エ如 dS  Fallow land M f 上上 エ eld8 let Grasslands/ scrublands                       Forests ・ Settle-  Total ments 

Plateau 川上 th 34 43 91 70 23 38 10   309 
small れ上 エエ s 
Gently 53 95 271 494 86 202 32 エコ ユ ， 246 
SloD ユ ng land 
伽 ' 血 "   25 64 88 22 62 19   288 
Total 95 エ 63 426 652 131 302 61 エコ エ ， 843 

2.2  Food  production 

the  Table�2  single  shows  millet  the  harvest  results  of of  上 994 土 nterV ・ エ &w research  and  actual  field  figures  for 

  

JAALS



144 

affected  by  the  amount  and  frequency  of  rainfal1,  and  it  is  anticipated  that 
this  will  gradually  become  smaller  as  land  fertility  decreases. 

Table  2  Single  millet  harvest  (1994) 

TOta オエ and             28.157  ha  Single                   566  kg/ha  Single  harvest:  510  kg/ha 
(simple  average) (weighted  average) 

  

Table               self-sufficiency  estimation  (1994) 

C" ヒ。 g 。ぴ un エ t  印川 t エ口 eS Pro 血 。 c エ olon/ReRe 叫エて釧 ent 
Millet-farming  area 510  kg/ha 333  tons 
652  ha 
Population  1,137 250  kg  /  person  /  year  284  tons 
Su 可工 uS 49 tons 

2.3  Livestock 
We  estimated  the  number  of  domestic  livestock  from  the  average  numbers  owned 

in  selected  farms.  There  were  1,020  head  of  cattle,  900  sheep,  and  1,240  goats. 
We  know  that  the  dry  feed  requirement  for  cattle  is  0.75  UBT,  while  that  for 
sheep  and  goats  is 0 上 UBT  (the  UBT  or  unit  dry  fodder  intake  is  6.25  kg/day) 
On� the             o モ th ユ S  the  apnua 工 (dry)  ｣ odde てて e 叫土て釧 ent  エ n  Lhe  V 土工工 age  土 S 
calculated  at  2,232  tons.  We  surveyed  the  fodder  production  capacity  in  the 
village,  and  found  it  to  be  500  kg/ha  in  sparse  grasslands,  2,800  kg/ha  in 
sparse  woodlands  (except  in  lowlands),  1,300  kg/ha  in  spare  woodlands 
(lowlands),  1,400  kg/ha  in  fallow  land,  and  1,010  kg/ha  in  millet  residues,  thus 
the  amount  of  fodder  produced  is  estimated  at  about  1,402  tons,  leaving  a 
shortfall  of  830  tons   

2 ・ 4  F エて ewood  COlleC ヒエ On 
A 上 th 。 ugh the 伽 。 川 L 。 互                   consumed  over  the  year  is  1.17m^  per             

and�1,330m3  the  firewood  for  that  the  can  village  be  collected  as  a  whole,  in  the  in  village  a  vegetation  has  been  survey  estima  of              aL    エ上 etC Om3     
Thus  1,220m3  have  to  be  collected  and  transported  in  from  outside  the  village, 
showing  there  to  be  a  net  shortage  of  firewood  forest  resources  in  the  village. 

      Economic  situation   

630,000  livestock  FCFA.  etc.,  69%  this  of  the  consisting  fanning  income  of  the  is  sale  taken  of  up  6  head  by  income  of  cattle. fromthe  6  sheep,  sale  of 6 
goats,  and  11  chickens.  30%  of  non-fanning  income  involves  the  sale  of  screens   

伽 。 川 t  lS                   互 0 て                                           (bicycles,                                       
cassette  players,  etc.)  as  well  as  being  used  for  the  purchase  of  livestock  as  a 
form  of  savings   

            cu       エ Measures enS Ve eO h 
人 

てて omp 
ヒ On 

CC on O 
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3D and  Rural  Development  Plan  for 
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                                      from                   to                 fa                         and  to                           
  SuSta エ n   工 e agr エ CCultu 「 e ， エエ VeStoCk fa   エ ng ， and 土 Ore5L   ・   

firewood  consumption.                             and  " トミ "  "he  色川 ua 工                                     
population  would  be  fixed  at  3.36%  (the  increase  rate  for  Niger)   

3 ・ 2 L    d                 
The  Land  Use  Plan  has  the  target  of  achieving  self-sufficiency  in  food, 

fodder,  and  firewood  in           and  the                 of  vegetation  in  a  harmonious 
form  (Table  4) . 

The  characteristics  of  the  Plan  are  as  follows   

(1)  By  diverting  livestock  manure  to  millet  fields  and  improving  productivity, 
the  land  area  kept  as  fallow  land  will  be  reduced  and  will  be  used  as  livestock 
pasture,  short-term  nursery  plantations,  and  conventional  tree-and-pasture  mixed 
forests. 
(2)  The  currently  underutilized  sparse  woodlands,  grasslands/scrublands,  and 
sparse  grasslands  will  be  converted  to  high-productivity  pastures  and 
conventional  tree-and-pasture  mixed  forests. 
(3)  Part  of  the  wadi  f100d  plain  will  be  used  as  paddy  fields  and  irrigated  crop 
fields. 
(4)  Existing  forests  will  be  protected. 
(5)  Individually-0wned  trees  and  fruit  trees  will  be  planted  on  boundaries 
between  fields  in  order  to  increase  tree  density  in  field  areas. 

Table  4 Existing  and  planned  land  use 

Ex 土 5L 土 n   

Millet  fields 

Fallow  land 

                  e 可 。 Sed r 。 Ck P 工 a"eau 
Sparse  grasslands 

Grasslands/scrublands 
Sparse  woodland 
Forests 
Set ヒエ飢 。 nLS 

Total 

h 色 
652 

426 

95 
163 

上 3 上 

302 
6 エ 

上 3 

エ 843 

Planned 

Millet  fields 
Millet  fertilized  fields 
Fallow  land 
Sorghum  fields 
Cassava  fields 
Paddy  fields 
Irrigated  fields 
PaStu 「 es 
Sh 。 てヒ ""e て m nurse ぴ p 工川 tat エ olS 
ConVentlona 工 t て ee-and ― paSture 
川エ xed  互 O 「 estS 

Forests 
SeLLle 川口 tS 
Bo" 、 lda 廿 trees 。 " 価。 "' 
B 。 川 ね   f 川 L            。 " 耐。 "' 

エ 
2423 

巳 
00 

エ 
0000 

上 
53 

62504 

h55522 

エ 
2N 

乃如 

828 

エ 
4 

エ 

2 

エエ 

3.3  Analysis  of  the  Plan  and  future  directions 
This  Plan  aims  to  achieve  self-sufficiency  in  the  village  of  Magou  in  food, 

                                    CaP めエエエヒ ieS ，                     如 d  f 巳エ フ n                 by  the  year  2010,  as 
shown ・ in  Fig.  1. 

As  for  the  per エ olod  after  2O 上 0 ， エ f  the  popu 工 a ヒエ olon  COnt ユ nueS  to  エ nC て eaSe  as  lt 
is,  it  will  be  difficult  to  maintain  a  system  of  self-sufficiency  in  food  or 
other    aspects. 

                  new                 W エ 土工 he neCeSSaa   ， エ nC 工 ud エ ng StePS           to  e ゆ @and the 
farmland� area  by  diverting  improved  farm                 t 。 色 Sh エ丘 t  t 。 色工 te 口 ate  寸 。   
of  energy  and  thus  reducing  firewood  dependency,  as  well  as  carrying  out 
desertification  control  measures  based  on  agricultural'  and  rural  development   
Meanwhile,  of  course,  other  measures  will  have  to  be  taken  on  a  social  leve1, 
such  as  measures  to  control  population  growth. 
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Environmental  Impacts  of  Land  Degradation  in  Pakistan 

価 d 川 SS 川 " 血   川 SS 川 "" 

AbstIaCtoovtortbo79.6 杣 。 。         。 '      ， 坤   ・ ' 血       ' 。       市雌 (16   "60r 恥     
ん 。 血       寸   い   。   "        " 血・。   "              ―   " 祉川 。 也   川卜伽旧比川 。田田 凪   屯地   M 如レ・ 雌地   ， 坤山 
p    ・     ・         K    ・ w    D け M            ・       血     耐       ・ 

"' ， 畑山血而 。 "d 田川 叫 。 ' ト ' "" 叩 '      。 凪雌 。 。 。   卜 p 川叫 ， ― 
    如如           廿   刷 。       。   tothgdgve8oDQtQtof   杣     。         b    叫 ・ " ぬ ゆ卜卜 
の め。けノ比口如   口   。 ヰ   ー       。 n    b        均     如卜 p     ，   

    Introduction   
Pakistan  has  a  total  cultivable  land  area  of  20.5  Mha,  out  of  which  16.0  Mha  is  irrigated  through  one  of  the 

IargeStlrmIgat@onS ノ昨瓜 of 山 e  worId.Tbe  snow 川 aDdpe5ultiDg  glaclermeltdu 「 dpg  山 feSummer,wbile  山 eCo 皿可 
received  80%  of  the  annual  rainfall  in  the  Monsoon  season  (July-September)  Excessively  high  water  available  for 
shorter  periods  during  the  late  summer  season  are  not  handled  by  our  irrigation  system,  resulting  in  salinity,  water 
logging,  soil  and  water  erosion  and  other  environmental  problems  in  the  high  productive  lands.  Therefore  we  have  a 
situation  of  excessive  water  for  short  periods  during  summer  and  water  scarcity  in  other  part  of  the  year.  Thus  Pakistan 
has  more  than  45  Mha.  designated  as  rangeland  desert.  The  major  problems  of  the  land  degradation  are; 

  
  

3 
  
  

Lil ， waLr 川 4MMeroSi 皿 ・ 

AbaDdoned  vllIagestbpough  庇山血   i 市 ga ぱ On  systemS  and  cultivation  ofmargiual  IaD 山 ltbuSaCceleratlDg 
山 e  P      Ofd 卜 e 山丘 Q 血 n ， 

S 血血け aDd  W 低 lo 即 tI49 
S 比巾咋 ofgood  quaIiCyofir 「 RgationwateraDd  皿 pl    口 b    ば Sbwateruse. 
FlaS 廿 floods 川 d  h 口 vySediDentload  山 山山口 ぱ onof 『 RverS,iI 「 dgationsysteusaDdneServoirS   

The  main  environmental  impacts  of  land  degradation  in  Pakistan  area  vegetative  degradation  primarily  due  to 
soi1,  water  and  wind  erosion,  salinity  and  waterlogging.  A  strategy  for  the  conservation  and  management  of  land 
低 O    卜     n  d    d    而山 epapertoSustain  ぬ eproCessoflaDd  de    也ぱ on  卜 P      血   

    EnV 卜 onmeR 回 P 口 bIemSofPaES     
The  major  land  resources  regions  are  shown  in  Fig.1  Accordingly  the  main  land  resources  degradation 

problems  have  been  grouped  in  the  following; 

2.1  Soil  and  water  erosion  Soil  and  water  erosion  affects  9.7  Mba  area  in  Northern  Mountains,  4.29  Mha  in 
Barani  Lands;  affecting  altogether  about  16-18  million  peoples.  The  relief  ranges  from  highly  mountainous  and  rugged 
f 「 Om  3 凹 m  b  山 e  soutbto  mo[etban  8 印 O  mhighin  山 ee  no    ， G 的 IO 四 C  e 口 Sion  On  血於 e  mo        o 山   L 
substantial  and  at  places  very  deep  gorges  have  been  formed  while  at  other  locations  sharp  bluffs  and  peaks  (e.g.  K2, 
N 皿 gaParbat,Takapos 川 staBd  out.Atthefootof 山 emo 川面 瓜 ，『 oCkdeb 『 iSis 山   ouly6ouDd  M 山山 Ck 刀 ilCover 
where 抑 b]e      Lg  isp 確甘     

  

                  
*  Land  and  Water  Resources,  Pak.  Agri.  Res.  Counci1,  P.0.  Box.  1031,  Islamabad,  Pakistan  (Fix-92-51-812136) 
‥       "" 。 '"   M ・   ・ゆ                                       ――                                   
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                                                                                                                                                                                                        仁 of hM 山 e      ぴ血 L 如 dto 
semi  arid  and  subtropical  characterised  by  summer  temperature  (July)  43  C  with  winter  (January)  temperature  of  3-7 
C.  The  soils  in  the  regions  are  made  from  parent  material  of  clayey  alluvium  and  wind  resorted  fine  sand  or  loamy 
sands.  The  deserts  constitute  sand  dunes,  slopes  or  ridges  and  flat  lands.  About  30%  Cholistan  desert  is  reputed  to  have 
underground  water  resource  at  depth  20-60  m  or  more  with  salts  in  the  range  of  9000-25000  ppm.  However  deserts 
of  Thai,  Thar  or  Chagai  have  only  isolated  pockets  of  brackish  water  unfit  for  human  consumption  or  agricultural  use   

Soil  erosion  by  wind  is  a  major  component  of  the  land  degradation  in  the  sandy  deserts.  The  proximate  physical 
口瓜卜 Of 山 ee 口 Sion  ぴ e 拍山け overexp]o; は t;onofL 可 w 山 d  如 d  overgQQziDgThe  l 山火   diutbeseviCinities   
accUmuIatedto    m  O ・ 5  to  4  m  ugh  moving    d  d 皿於 wShg  On  ever  p    nt    ger  Ofb      山 ofCudvat 司 ] 川 d 
around.  Accordingly  to  soil  survey  of  Pakistan,  about  4.8  Mha  undergo  soil  degradation  through  wind  erosion  in 
Pakistan.  The  momentum  of  sand  storm  depends  on  the  nature  of  soil  materia1,  wind  velocities  and  soil  moisture 
conditions.  For  example  in  the  Thar  desert  dust  storms  are  a  general  characteristic  of  the  area.  They  blow  from 
southwest  to  northeast  in  the  summer  with  velocities  of  65  km  /hour  being  harsh  in  day  but  less  violent  at  night   
P 『 mlong 山   CO 血 do 瓜 M 山休 t 市 L 山 ddegppdetbeJaDdbyb 血口 ofgood  ag 「 hcultUrallaDdintbeviC; 血可 Ofmovbg 
別 山 Fho      goTb      寸 Ofi 市 g 柏 OnC    ISby    d ， i 瓜   i 叩山 e 什     nte    CeCoS 卜川 dbloC ぬ deor 山 S 皿 b 川 Ce 
ofCo    u 血     O 瓜 SySte    b 卜 id 卜卜而 g  aCo 山   tme    eto  山 eCo        廿卜 nvhgh  山 eviC 而け   

By  and  large  droughts,  wind  erosion  and  shifting  sand  dunes  are  the  main  problems  responsible  for  the  land 

三三 g フ日だ 乱三 三三三三 t 三 L 舌三 L 三 ;" ぽ 仁           ; 世 三 。 eI l 甜 ;          f 罪 y        ご 日二 gL" 濫 三三三         >c 目 、             ぽ                             。十三 よ             3: 
  e  People  血山 eAnen  an@llli ほぬ 低血 eLnno ぼ bLiC  edu 口甘 On  也 C;l 旧日 toge 山 erwitb  f6DaDCialiaCeutiveSare  peed 山山 
pro    t 山 eir] 川山斤 Om  MLd  eroSion ・ S    ; 卜 li 卜                                                         ， P                    bve ぬ n 
L 小 tlnHH 丘口 to  growuDderscarCe  watercondi660nsM 山 @waterq 口町 of  l2000@200oo  ppm@ialts.SaDd  d 川 卜 Ex 拍 On 
teC      qu 卜 ， 低 nCh  i 市 ga 廿 on        qu ぬ ・ DIasticmuCmngapdSatIue  ag 「 dCUltureare  some  oftbe  measUres  wbicb   
greatly  control  the  wind  erosion  in  the  deserts  of  Pakistan   
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Much deterloQQoed  IaDd  M 山       waoer  quaIity  叩 d  q    比 y    y  ぬ p      M 山口 ttQleEapt  松 
(EuCalyptus,ACaciaS,T      低 )  川 diDbetweeDtbe  『 mws  oft@ees  Salt め lerautfonngeSbIubsIike  A 山 plex 
species  or  selected  grasses  could  be  planted.  Small  animals  may  be  introduced  after  2-3  years  and  large  animals 
a ぬ r3  y    LICO    u 日     g   

Salt  tolerant  fruits  and  apiculture  can  be  successfully  added  to  the  set  up  depending  upon  the  interests  of  the   eL ・ O 山 era    皿血 C  PLC 甘 C 卜 Co    e    卜 M 山山 e  SOilC    卜 HS 廿卜   山 e    ; 卜   h 加 duC 珂   

The  user  of  this  technology  should  be  considered  the  most  important  element  and  without  his  participation  this 
OpuoL    Ot ね e 人 epc ほぬ ， Tbe    臥山 Oud  sta[tgettia8  eCoLomicreturDs  after2  yearS  fmmm  c 『 mps   
Ln 咋斗ぽ i 於 ， 川 d5Jy    血 m      川 h 九   可 血小   

The  social  impact  of  the  bi0-saline  approach  is  due  to  improvement  of  economic  conditions  of  the  fanning 
community.  The  current  annual  consumption  of  fire  wood  is  19.70  M3  which  will  rise  to  30.66M3  by  the  year  2000. 
1n  rural  Pakistan,  about  80%  of  households  use  wood  for  cooking  and  heating  and  lands  affected  by  salinity  and 
waterlogging  could  be  30-50%  of  the  rural  lands  (Qureshi,  1993).  Therefore  the  bi0-saline  approach  to  reclaim  salt 
affected  land  has  added  advantages  for  social  improvement.  The  overall  improvement  in  the  environment  by  providing 
a  green  cover  to  the  degraded  land  presently  covered  with  salt  puffs  only,  will  have  a  salutary  effect  on  the  health  and 
humor  of  inhabitants.  It  will  also  greatly  improve  the  conservation  of  the  natural  flora  of  the  severely  affected  salt 
agfeCted  lamds 川 d  山 uShelp  皿山 e  の山 e 口 a 甘 oIoD  ofblo 山 ve 卜 l け Iforfurther  exploitation  through  genetic  improvement 
皿 d  皿   匁 l ぽ甘 OL ・ 

三 COncl 瓜 io 叫 

Salinity  and  waterlogging  are  the  most  persistent  land  degradation  problems  in  the  rural  Pakistan,  where  62% 
of  the  country  population  resides.  Due  to  soci0-economic  reason  the  bi0-saline  approach  to  reclaim  such  lands  has 
proven  to  contain  land  degradation  problem  in  Pakistan.  Soil  water  and  wind  erosion  need  to  be  contained  since  both 
land  and  water  resources  of  the  country  are  limited.  There  is  no  limitation  to  the  soci0-economic  problem  of  the 
growing  population.  Affordable  solutions  of  the  environmental  problems  of  land  degradation  are  essential  to  sustained 
growth  and  development  of  agriculture  in  Pakistan   

References 
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OptlmUm  Arrangements  of  Parabo 工 ic  Mirrors  as 
Co 工工 ectlve  Concent 「 ato 「 s  エ n  So 工 a 「 -cooke 「 s 

Y ・ Naka 二 O* 

Department of  Mechanical  Engineering, 
Ash 土 kaga 1nstitute  of  Technology, 

268  Omae-ch0,  Ashikaga,  Tochigi,  JAPAN 

ABSTRACT  -  Most  solar  cookers  are  classified  into  two  categories. 
One  is  reflecting  type  and  the  other  is  heating  box  type  (or  solar 
oven) .  The  reflecting  type  solar  cookers  are  ideal  for  the  use 
in  the  areas  where  the  sun  height  angle  is  not  very  large  because 
they  can  concentrate  the  light  densely  with  simple  configuration 
of  reflectors  and  cooking  portion.  The  purpose  of  the  present 
study  is  to  find  the  best  configuration  of  a  set  of  ready-made 
                    which  are  not  designed  for  dedicated                       type 
solar-cookers. Mathematical  analyses  are  performed  for  single, 
combined  tw0,  and  also  combined  four  reflectors  adopting  the 
                                                                                  technique. 

    INTRODUCTION 
As  one  of  the  simplest  applications  of  solar  energy,  cooking  with 

focused  sunlight  is  popular  in  deserts  where  fuel  is  not  obtained  easily, 
and  even  in  industrialized  districts  where  people  have  a  better  opinion 
of  clean  energy.  Although  it  is  not  very  easy  even  in  town  to  build  an 
ideal  reflector  for  its  dedicated  use,  it  is  not  difficult  to  find  a 
parabolic                                                                   F 。 "  e" 川 p 工 e ク                     of 
the  satellite  communications  can  be  found  everywhere  nowadays. 
While  performance  of  a                                                         on                         of  the 
reflector  (or  reflectors)  used,  this  is  not  the  only  design  variable  in 
optimizing  its  performance  especially  when  some  of  the  other  design 
variables  are  restricted. 
Even  for  a  single  reflector,  directing  the  axis  of  the  parabolic  mirror 
to  the  sun  and  setting  the  pot  at  its  focal  point  is  not  optimal  at  all 
when  the  area  of  the  shadow  cast  by  the  cooking  portion  is  comparable  to 
the  size  of  the  reflp<-fcor. 
The  purpose  of  the  present  study  is  to  find  the  best  configuration  of  a 
set  of  ready-made  reflectors  by  a  rational  method  for  arbitrary  incident 
ray  angles. 

    OPTIMIZATION 
The                               is  performed  for  three  different                                 of 

the  reflectors,  i.e.,  the  case  of  single  reflector,  combined  two 
reflectors  and  combined  four  reflectors.  (See  Fig.  l(a)  and  (b).)  The 
sequential  unconstrained  minimization  technique  (SUMT)  is  adopted  to 
account  for  the  constrained  conditions  automatically.  The  design 
variables  are  position  of  the  cooking  pot  and  directions  of  the 
reflectors  in  tree  dimensional  space.  Any  of  the  design  variables  can  be 
fixed  or  restricted.  The  object  function  is  a  calculated  convergence 

*  Dept.  Mech.  Eng.,  Ashikaga  Inst.  Tech.,  Tochigi  326,  Japan 
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T め工 e  l ・ OPtlmal                      and                         Of  the  S 土 ng エ e                     

Hs 90 80 70 60 50 40 

  " ユ ・ 39 -9.36 - 上 9 ・ 4 -30 ・ 8 -35 ・ 3 -4 ユ・ 9 

Ry -0.40 -1   9 ワ -0 ・エ 92 -0.978 -0.595 0 ・ 427 

Mx -3 ・ 2 人ス斗 0-3 エ ・ 00 八十 0- エ -1.59xlQ̃6 -7 .96X10""4 -1 ・ 94 スエ 0-4 -8.55x10̃4   

My -4 ・ 65 スエ 0-3 -0.149 -0.349 -0.549 -0.550 -0.549 

Md 0 ・ 999 0 ・ 996 エ ・ 00 エ ユ ・ 003 エ ， 007 上 ・ 008 

  87     86 ・ 3 86 ・ フ 94     98 ・ 3 98 ・ 0 

[Note]  Hs:  Height  of  the  sun  in  degree;  Rx  and  Ry:  Rotational  < angle of 
the  mirror  around  x-  and  y-axis  respectively;  Mx  and  My:  Position  of  the 
center  of  the  mirror  in  x  and  y  coodinate  respectively;  Md:  Depth  of  the 
center  of  the  mirror  measured  from  the  bottom  of  the  pot;  P:  Percentage 
of  the  effective  sunlight  concentrated  at  the  bottom  of  the  pot. 

Table  2.  Optimal  position  and  directiron  of  the  combined  two  reflectors. 

Hs 90 80 70 60 50 40 

M  "g ・ワ 6 - エフ・ 5 -21 ・ 6 -29 ・ 3 -34     -40 ・ ワ 

Ry 土 9 ・ 上 5 ｱ 8.38 士 10 ・ 2 ｱ 9.45 ｱ 8.76 よ 10 ・ 4 

  却 ， 45 ｱ 0 ,45 ｱ 0.45 ｱ 0.45 ｱ 0.45 ｱ 0.45 

吋ゾ -0.449 0 ・ 500 0 ・ 430 0 ・ 550 0 ・ 490 0 ・ 520 

ぬ d 上 ・ 00 ワ     ,998 I'.0Ol 上 ・ 002 エ ・ 005 上 ・ 006 

  82     84     85 ・ 9 92     97 ・ 3 95 ・ 8 

T 寸土 

Hs 

RX 互 

M" 

R  f 

Ryr 島 
  

  

  

[Not 

    3 ， 咋 tim 、 l                     and                         O 亡 the 。 O 比上 ned f 。 ur                       

90 80 70 60 50 40 

9 ・ 02 5 ・ 05 十 ， 48 -4.94 ―エ O     - 人 2 ・ 4 

-9.76 ― エフ・ 5 -22     ― 29 ・ 3 -34 ・ 9 -4o ・ フ 

ｱ 9.70 土 10 ・ 4 ｱ 10     土エユ・ 2 ｱ 12     ナ上 3 ・ 上 

十 9 ・ エ 5 ｱ 8 .38 ｱ 9.85 ｱ 9.45 ｱ 8.76 上 10 ・ 4 

ｱ 0.447 ｱ 0.449 よ 0 ・ 450 ｱ 0.449 ｱ 0.449 ま 0 ・ 449 

ｱ 0.449 ｱ 0.449 ｱ 0.449 ｱ 0.450 ｱ 0   .450 ｱ 0.450 

0 ・ 445 0 ・ 459 0 ， 590 0 ・ 540 0 ・ 540     .641 

-0.449 -0.500 -0.449 -0.550 -0.490 -0 ・ 519 

ユ ・ 030 0 ・ 999 0 ・ 99G     .998 0 ・ 995 0 ・ 998 

エ ・ 007 0 ・ 997 エ ・ 003 ユ ・ 002 エ ・ 005 エ ・ 006 

82     82     ワ 9 ・ 6 83 ・ エ 8 エ・ 2 65     

82     84     F6 ・ 0 92 ・ 3 97 ・ 3 95 ・ 8 

1]  The  subscripts  f  and  r  denote  front  and  rear  mirrors  respectively. 
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    DISCUSSIOHS 
Combining  two  mirrors  does  not  simply  double  the  performance  of  a 

single  mirror  because  a  combined  reflector  has  difficulty  in  convergence 
of  the  rays.  However,  combined  reflectors  do  increase  the  density  of 
light  flux  at  the  bottom  of  a  pot.  In  Table  2,  convergence  rates  are 
larger  than  0.5  and  this  means  two  mirrors  are  better  than  one.  Table  3 
shows  that  the  convergence  rates  are  larger  than  half  of  those  of 
combined  two  reflectors  and  this  means  four  reflectors  are  better  than 
tw0.  One  of  the  most  significant  merits  of  using  the  present  scheme  is 
that  one  can  find  an  optimal  arrangement  of  plural  mirrors  collected  from 
his  own  junk.  Adjusting  plural  mirrors  according  to  the  calculated 
results  is  quite  difficult  but  the  experiments  using  the  actual  solar 
cookers  showed  that  once  the  optimal  arrangement  was  determined,  it  was 
not  very  difficult  to  adjust  them  tracing  the  sun.  However,  it  would  be 
impossible  to  find  the  best  arrangement  of  the  mirrors  if  no  knowledge  is 
given  at  the  beginning.  As  for  combined  four  mirrors,  it  will  be  possible 
to  use  this  combined  reflector  to  cook  foods  when  it  is  not  possible  if 
only  one  of  the  four  mirrors  is  used  as  a  reflector.  In  an  demonstration, 
the  experimental  solar-cooker  with  the  combined  four  reflectors  boiled 
1.8  kg  of  rice  in  an  hour.  These  results  show  clearly  that  practical 
applications  of  combined  reflectors  are  possible  and  also  that  the 
                              t 。 Chn エ叫 。 土 S a 皿 uSt 土 n                        the maX エ mu 川                         
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M    adou  N 田 aye  ， 

Ab 而九 -deSe 「 RContpoll5am 可り「 p の bI 如卜ぬ 坤 l ， manya 山恥 a 『 GlauqchedM 血 fpoorpeSuIts.Tbl5PaPer 柵 位 低 on    十の baCtiQaS 抽坤 commYnIt テ eS 昨 bvolv ぬ 卜 pl      g ， I 臼   ip 幼 d 取卜吋 ion. 
This  presentation  shows  the  capacities  of  local  communities  as  far  as  they  are  concerned  and  have  control 
on  their  work  and  final  results.   

Key  Words:  reforestation,  community  actions 

1  Introduction     

D 巳     C 折 Oa  jsapmogpeSsive  山 d  口卜 eV 郎 Lle  d び折 oI 折口 Ofe の Swt    ， L 口 SL      g  山 
山市 o 皿口 twhereli6ewaSpossible,into  ahostileeD 血 o 川口 t. 
価                                                     寸 S 皿 dpI 皿 Lb の 叫 Io 血 e 土」 Land 如 nol 皿 ger 
no      ヒ popd 折   aDd      ぬ   
DeSe 「 nifiCatiQDisnotonly 皿 e ぬ   寸体口 。 血口 oniikeciimate 山口 ge,It"S 山 。 ノ山材 byde 匹 ga      皿 
provokedbytbepreSsUreofhUmaDbeiogSaDdaDjmalsQDnatuFe ， 

M 口 y  e ゆ ]Ian 血山 S 汀 egIveo  山山 eCa 山卜 oftbiSph 口 。山口 onamQDg 川 ]hi 山 ， cllmatlc 小皿 8 卜口 dm 山 'S 
actions  on  nature,   
川山 Ou 如 itiS  口   山 atC      石 C    山而皿汀 e  aCaUSe  ofdeSeItiGGCatiQD ， 山 e  overexPloit 折皿 ofn    e ， 

tree  cutforL 斗 overgrazipgaDd  agriCuIfUreprovoke  destruCddQn  ofsoi15  皿 d  leave 血 leland    rot    口 
against  erosion  and  drying  out. 
  e  h7      e  Qfp 叩口如 OuiD  reCeutL 口 d 卜 ]b 必 ;aiso  aC 叶 lleIatedtbis  SituatiQa  口 d  皿 b 口皿 C ぬ h  SOme 
汀 e 卜血 e  山 e  oflaDd  (ag 「 HCUlture,Ca 田 e  r 司 5 卜 g,ho 山卜 D 
Everyyearnew  l 皿也汀 eclearedandbrougbttoa 四 cuItUralprodu 而皿 ・     ssituatiQobIiDgSmaDy 
n 叩相 "e 血 pa ぬ and  mostof 山 e      e 吐血 g 於汀 eiIreversible,soilerosiQD,decljniug  so4lprodu 血呵 ， 

IOssofwiId]ine ・ 

Poor  livestock  management,  overstocking  and  overgrazing,  have  negative  impacts  on  soils  (erosion,  loss  of 
ぬ       廿皿 dstruCtuIe 小皿 ge)   

ForeSt66reS,bUmming  to  mauipuiategraSsland  口山 e  卜甲汀 able  daDage5  ontrees,soilfer66iit  血 d 
口。 's   。 ' 甘   甘       

S 口 egd  isuDderdeSe 『 n  strokesince  I977. 山 em 血 r    Q 瓜 are:tbeoveruSeQfl 口 d 血 
ag 「 hCuliure,foreSt 血卜 ， over 匹     乙市 eMoodprodu 而皿   

According  to  1991  statistics  released  by  the  forestry  刈 department,  d 年地 48,124  hectares  of  forest  are 
destroyed  by  fire.  Reforestation  conducted  by  forestry  department  加 口 、 is  "  20,640  hectares  with  17,942  heel 抽卜 
planted  by  communities. 

In  the  same  time  135,595  tons  of  coal  and  58,963  cubic  meters  of  wood  are  taken  from  forests, 
about  70  %  of  this  production  is  for  city  use.  To  measure  the  pressure  of  coal  production  on  forest; 
100  kilos  of  wood  produce  18  to  25  kilos  of  coa1. 

h7 松田 p 叩 d 如 On  t 吐卜 moreel 皿 d な OmnoreStfora 四 田   山 e; 卜 1960  a 珂 lCuliure 山口 
17%  of  land  in  1991  :  52%   

FUrtherheavypfeSsUreontheIandislfveStock,ID  SenegaloV 打 EgRazingisthe 口比 eof5o%  Qfl 山 d 
de 匹 a9 曲廿皿 ， 血 S 血 ou 如 CO 皿田卜山 p.teV 司 j.s:4Q% ・ 

FallofphCQfora      Cd    寸 produ 市 On ぬ tem 杣 lnn 可 m 打 ke 卜 ¥force 山       tieSto 山 emore 
land‖nd  work  harder  to  cover  their  basic  needs   

川山卜 十。 d 卜 。 eph 口 。山口 on ・ a  acC 口   e 山 e    erab 川ゆ oftben 臥 ed  sollto      山口 deDosiQo  山 d  叩旬血 ew 可 

*  OFADEC  Director  BP.  1887  Dakar  Senegal  Fax:  +  221  21  87  59 
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2  Belel  experience 

Bdd  b  a      ageQf35o      abi    b ， 75%  M 山 ep 叩 d 布 QDlIve 口   eI ぬ bg 口 d25%  ぴ eu      gQn 
ag 「 dCulture,6or 酎 。 叩 M 血山 orare 血 d 班 ・ 

b  山 e 汀臼血 eweT 叫 e の wSp 斗祉孔紬 tb  O ・ g  血 d 血 ed 口巳町 b  450  の wc 口 aSq 川 eM 。 口 。 ぬ 
(C ・ S 血 toL  O    TQM  Sud  quotidiaa  No  643ma@l995)   
B 口 d  L  L  a    L 叩 i    汀 eaM 山 ;adegEaded  foDeSt,wM 山 receiveSeveryy    ぴ O 川 dd  l5  h 山卜 OfI       
WitbtbISq    廿ウ oQfraiD  a          eiSdiffiCult 口 duDoeRRain. 

2 ・ lTbeobieCt6veSQf 血 e    f 卜酎 were:Sho 『 n  termeCQDomica 田   tog 口 7 寸 ereV 口 u 卜也 r 山口 0 司 
の       け toheIp  St 叩     酊血   in  lQDgterm  pIovideseIfsYffiCieDCyiDfood  口 dagood    叫 em 口 t 
of  livestock   

-  Elimination  of  overgrazing  and  overstocking  by  training  and  education  and  the  lessons  we  learn 
on  local  strategies  to  maintain  cattle. 

-  Irrigation  project  for  food  production  (vegetable  and  forage)  with  pumping  stations,  protected  by 
価 id  breakers. 

-  A  reforestation  program  with  the  creation  of  a  nursery  to  produce  1,000,000  fast  growing  trees  a 
ye 汀 ・ 

-PDoduCtiQpof 血 dwoodf 「 QmplaDtatiQDsmadeby 山 e の       ゆ汀 o 皿 d 山 e      agew め   Ong 
山 ea 田   tosave 山 eenearbyfoIeSt 山 dreducemetiDeSp 山 ttoga 山 eerwood 山 d 血 epossibil4tytoS 別 山 e 
surplus   

・ R 卜卜也 buS      g  山 d  h7    hg  甘叫の V 苛 b  血 e 汀臼 by  OI 卿 g  血 eprot      口 ofTe 
Ie" 価 g 。 。 卜旭血 ' 血小，     也 。。 吋 血 g   
几 e ，     抽   w ぴ 。     

Aw 山 of23ometersd 甲山 
Af    OHOheCt 町卜 
3  hectares  of  wood  plantation  around  the  village 
A  watching  committee  created  to  protect  local  trees   
A  l 。 司 COmmItteet 。   明 ， ぬ 。 p ， q ぬ 

2 ， 2SoCIalaCtIons:    euor 杣 on  OfH      gCm 山丘 onSfQr 血 elocal 口       ゆ h  h 司 山口 dedu 口丘 血 
  Ou め S 山 OOl 口 d  h    山 C 山 terbUildipg ， 山卜 efacilitieSweIenotacceSsible.TraiuiDg  祖 d  edu 口丘 口ぬ r 
leaderstohelporganiseandmakedeciSioaSQDtbeir 司     o    口 t ， 

DjgguSion  ofCookerSmadewtfb  loCalmate 「 dalstoUSeleSswood. 

3 ・ M 狙 13 也瓜 

TheSe 寸 e 山 e      r 卜 d 卜皿 dlQS 口 SweIe    血 Ou 如     p 呵 e 九     
ComuUu4ty  p      dp 折 lQn  is 山 emaiD  bey  to  r 印山 autQDomy,ItmuStappearat 川 levels  :(plaunjDg, 
contro1,  decision  making)   
Commuaity  p          折 山口 d  plauuiDg  tead  toiDCpeaSe 血 e  aCCeSSto  IeS 口 b ， to  owDers      口 d  山の 皿 age 
Se ぼ r 杣口 ce,it ぬ OiDcreaSeS  loCalCaDa 茄卜皿 deuSupe 山 江山 eppo4eCtb 口胡 bwlllgo  血   y  to 
beo 曲 lCIa 「 ReSaDd  heIp  cut 山 ep 向   の SL ， onCetbe  口       ゆ kDows  山寸山サ workforthemSelveS   
We  叩旬 t2  ye 汀 sSimplautiDgfullp      叩析 on  atalllevelS.We  価 OtsaytbatwehavehadfullSucceSs 
betauSe  we  wereID  special の nd ば Q 山   ong  wbtCb  abigb  levelQfitliteraCy  ofabout70%   
Tbem 血     CMd 日叩 p    h  h 川     g    山口 d 山 Lg 血   aC の I      gtobudgetS 口 dproCd 川卜   
Itwasnotalo0%  suC 晦 sb 山     叩血 nhdp 山 toI 田山山 ego 小 L  r ぬ O 碑切 L 山川 dCattlem 呵叩皿口 t 
犯 dl 印 ve 血 epr 可劫 h  血 e の皿血げ sh 山小   

ORSTOM;  French  Institute  for  Scientific  Research  and  C0-0peration. 

JAALS



157 

3 ・ lR 胡 br 田 taFonand  nUfServ  :Wehaveo'thad  alotofdiffiCUltieSM 山 new  V 而田卜 oftreeS.Weu5ef 碑 t 
growing  trees.  Native  species  were  difficult  to  produce  in  nursery. 
Some  teCbDiCald4ffiCuItieS  叩 peariD  h 皿     g  山卜 ef 卸 t 町 o      g  亡 e 卜 ， SOlu6 皿 S  wereL    d    uy 
Difficulties  were:  unsuitable  site  conditions  or  ecological  tolerance  (rain  fal1,  temperature...). 
Also  some  problems  arise  in  accepting  some  species,  it  is  important  to  test  species  before  introduction 
It  is  also  important  to  use  many  species  in  a  plantation  to  have  a  variety  of  forage,  and  varying  resistance  to 
士 Ou 如 t 皿 ddlSeaSeS ・ 

o 皿 woIkw あ m      y  L  叩耳 a      g  degraded  汀   aDoUDd 血 e      age(C 口 Fvatedl 山山， 匹あ Sl 口の   
  e   。 。 iQwe   。 昨     

A ぬ d 、， Q 。 回 
R 。，ゆ bjM 。 ， 、 ( 血 db ， 臥 ， ， )   
Leu 口口 aleu の C 印 b 寸 aa(forLelwoodnitrogenf6XatIon)   
Acaciato        ( 市 elwood)   
B 寸血 teae 酊丘臼 
P 汀     SO 血 aaCuelata(wiDdb ， e 扶司 ・ 

EU 田川 t 川   日 d 口口 SiS(      dbr    er ， wood)   
Neem  azadirachta  indica  (Shade,  wood)   
Acacia  nilotica  (Tomentosa). 

1n  the  nursery  we  also  develop  trees  for  fruit  production   This  aspect  was  a  success,  even  if  the  result  in 
te    Qf      tprodu      On  山 dnotT 臼   山 eLo 口寸 average   

3.2  A 珂 C 口   e  :We  C    OtS 町 itwE  川   no      CsucCeSS.Ppof6twaS  low  beCaUSeof 山 e 市 d  の St 狙 L 
山 e      Cd 廿卜 to  「 ea    O 山 eIm 汀 keL   
This  program  did  help  families  to  have  fresh  vegetables  for  food  and  local  market,  to  have  forage  for 
animals  and  helped  to  pay  for  me  well  costs. 
  e  agriCultureprogram  waSaIso  helped  by  mon 可 p 可 d  by  口口 e  T ぬ ぽ sto  w ぬ 苛山オ     ・ 

3.3  Wind  breakerS  :Wind  breakers  汀 e  veryimport 血 ltin  tackIjDg  duDeprogreSsaDdlDCreaSIDg 
agriculture  yield   
Tbeuse  Qf      dbreakersiD  tom 寸 o  pl 口 t 折血 S  L7    ed  血 epeld  by  50%  の口 p 汀田 to  apI 皿ぬ 丘 Qn  h  血 e 
same  area  without  wind  breakers   
CU najQSofwjadbFeakers  「 ofdiBRereDtspeCieS  oftreeS  is  a  good  proteC66on  againSiduDemovemeDt. 
w 卜 dbreakerofdimmer 口 t 叩 eCi 卜如 d  sjzeS  汀 eneceSsarV  to  St 叩 mewind  ataiilevels,aad  wheutbey  汀 e 
瓜田 to  proteCtag 「 iCulturail 山山 aliDepl 狙 tted  every  l5o  meterSgtveS  g 如 (d  resuiis. 
G ，   beltS  ofireeS  寸 e  a  good  way  to  St 叩 dUDeformatiQDand  mo"    血   

3 ・ 4  CaTe  RdS ぬ L  we    e      口 ted  r 口 ggeI 山 dmanagementbutitfail 口 be 口山 ee  ofan 口 ad 叫 Mte 
sfudy  on  山口 山 d  C 叩 aC 町 ・ TbegaiD  Qfweigbtw 仏 IDotSUbS    F 礼皿 d  山 ep 「 hCeofm    の 口 dnot の V 甘 
血 eeXtTaCost-    eI 寸 eeQf 山 eeforageprodu 田川 w 仏 lower 山口山 e      " 狐呵血 L   
O 皿 e 叩 出口 Ce  山 OwS  山 zat 山 e  lo    口口 e  ， dSerS  山 d  notdesiFoyihe  I 山 d  血 d  山 e  e の lo 酊仏 we  山 Ou 如 t 
も九， e  of 山 ee む iraditiona[system@ 山町 dQtoCk  皿 d  reStock  aC の，       g  to  C      寸 e ・     me 山 Od  b  a  Sw4e 
IeSson  leammtaRRerihe  l977dpougbtwbere  moretbaD  70  %  ofiivesiock  waS  Iost. 
    Sme 山 Od  山 d  notm 衣 。 皿 e"erSMe  damage  on  soils  口 d  m 瓜 tbet 衣旬 mto  a 印 。 口 twheniIyIDg  to 
improvelfveitockm 卸 gag    口 t ・ 

3 ・ 5  R 胡 OoreS 也丘 on  :Itwa5  nota  succeSsiptTyipg  to  regeueratetbe  forestoD  a  I 町 ge  sCaie,butitW 卸也 
a 血 ev 師口 ttotmplaottreeS 汀 O 皿 d 山 evillageforfueI,houSiDgpUrposeSorwiDdbr 臥ぬ   
WedSo  SaVeb 血 e 田 ytheremaiaing  ぬ ]reSt 血 Ou 如 prote 市 oQnaDd  by  stoppiDg  山 ecutoftreeS 祖 d 
brandies  for  cattle.  Fuelwood  production  was  a  success  for  local  use  and  it  helped  to  increase  revenues   
We  haven't  used  agroforestry  in  Bele1.  We  cannot  comment  on  its  results  on  desert  control  in  this  area. 
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3 ・ 6  EduCationapd  廿       g  :h      ゆ叫 we  metg の d  reSultsQatpee  pIautation  口 A  血酎   ag 師如 
trajujng.TraiaiDgand  e 九 @CatLon  muSt 瓜 leIocalI 口   getor 印 山の       ね ほ   
More  actions  must  be  taken  to  promote  school  building  for  children  wh0,  most  of  the  time,  cannot  go  to 
5 山 001 ・ 

DigguSion  of の lok 釘 SwaSnotaccepted@ 卜 ノ山 e  oftbediB@@Culty  to  have  aCIay  of 四 OdoUalitv  卜血 e  汀臥 

4.  General  considerations     

At 血 eeDdof 山 ep 呵 le 甘 ]more 山山 100,0OOtreeSwerepl 山 t 田 M 血 Su    S ， 5OtonSofv 叩   ble4e 
produced  eveIy  y    ， 也 て叫 e  口 d  waterwereaVail 北 lIenorcattIe  寸 a  IeasQn 孔 lte! の St   
TbeSeacttvittesneed  Support 口 d  の     血口 tf 「 Om  lo 司 goverumeQts, 血可 m 山 t 臥 eaCddQn.N    'S   
also  support  and  act  locally   
TheSe  aCbboos  m 山 tbeamQng  山 eL  pHo 血卜卜 d 卜 eL    廿 O1     

A    あ四 topro 血 Ote 血 e 瓜 eofg 卜」 for の o      g  b  山 eCo 皿     
Gas  must  be  tax  exempted  for  better  access  to  all  communities   
New  cookers  have  to  be  developped  to  fit  local  cooking  tools. 
A  c    田四 fornew  g 松山 erStokDow  山 e  SeC 田廿 meaS 川卜   

Same  aCtlonsaIe  to  be  t 払司 on  sol 町山 er め口 efor:66ShdTyers,pUmpipg  water ，の ok 恥 ， deC 田 C 
f 口 C 卜 powe て ed  by  SOl 江口 苛ぽ   
    SeD 苛町 iSW 祖如 leallye 汀 ]lQDgln 山 e の川町， someposItlvee 叩 e      口 ta 丘 oIQDSare 血印町 w 血 able 
祖 dhaVetobepopu      司 ・ 

Local 山       丘 卜 m 山 thaveCQDtpoloverloCalreSouIceSprovidedbyforeSt.SerViCiDgloCal 
needs  are  important  steps  to  preserve  forests   

Both  pollcIDg  口 d  r 胡 OOr 日恒 don  programS  CaupotbeaSs    山 byforeS 可 d 印   口 L  山也 g 卜紅 。 

to  be  made  on  their  status   
me  Be 旧 ， e 叩 ed 口 Ce  wE  山 ed  h  Ma 血 t 抽 a  Mo  y 如 Slaterto  orgaaiseits  S 廿 aate ガ to  L め ltd 卜 e      口ば On 
(Iutegrated  program  to  F 如 ttdeSe 『 卜 「 HVerS 切叫寸 b 仏 inandin  L    Br    aand  Feno  re 卑皿 )   

5 ・ ConCl    ion 

We  understand  development  as  a  compromise  between  what  is  technically  possible,  what  is  socially 
d 巳 Lable ， wh ぬ iS    O      C 杣 ypro6tabIe 山 dwhatiS    Io 口   y  aCC 甲色 ble ・ D      g  川     proC 卜 Swe 
had 血卜 eChtehah      d  口 d    to 瓜 e 血 em  旺     de 血卜 ， SOme      卜山 ey の     CtbUt 山 e8o 寸 iStopYt 
山 em  toge 血 erto 血 eet 血卜 eo 司 e 市 V 卜 ，   er 卜田 L  山 Ow  山 atwe    p 肛血 em  h  山円 皿 lway ば we    e 
血 eneceSsarV  ume  皿 d  steps. 
PuttlDgalla び OOrstogetberia  deciSion  makiDg@actionsapd  e 叩 田山 叶山     g  wE  山 e  beStway  to  r 印山 
0    90 寸   
We 剛 Otsay  wehavestopped  山 e  d 卜而 intheno 血 region.Th4swaSnotourgoal,but 卜山 e  ぴ印 w 。 

woIked  皿 ， CtearStepsweremadeto  Ieduce  oISt 叩山 e  deSen  叩 ]readmQ4Wehad  e 可     Q 皿山 atnew 
    epossibilitieS      山山口 ageV 杣 dh 皿 dSto の mehack 口 d    ed      SiVea 田 Q 瓜旭     Std 卜 en 
spreading   
We      山 atthose  IoCala 田 O 瓜 M 血 I ぴ匹 scate  a 市 @OnoQnduCt6d  by  NGO"S  山 d  goV    口 t 汀 e 山 e  Qdy 
way  to  stop  the  desert  spreading,  and  reverse  this  situation. 
Desert  control  should  not  be  taken  as  a  local  problem,  it  is  a  nation  wide  dilemma,  any  carelessness  can 
lead  to  disaster. 
F 田川 y ， deSe 『 n  CQntroliSnotadilemmaforS 曲 山山の川田 $  oDly,itisalso 租 iSSueLr 山 eworld. 血 y 
山川 咋而 S 小 lel 汀臼     have 口     aCtwod 山 Mde ・ 

紅川 weaC    t も     8M 血卜 Sto 血 S 甘叩ぬ yM 血 COUtaCtlDg@ 

NGo  :N 。 n  山 v    口口 0    卜廿 。 n 
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  eImpoItanCeofSoilStrUCtUrein  山 eManage 川口 to 十           d      Of 

Western  Australia. 

L ・ A ・ G ・ AYLMO        dH ・ KC ぽ   E 

  

paper  examines  some  aspects  of  the  physical  properties  of  the  region's  soils  that  need  to  be  taken  into 
account  in  designing  sustainable  land  management  practices   

Key  Words:  Soil  structure.  Western  Australia,  Hardsetting,  Compaction,  Crusting,   

Western  Austratta  covers] 瓜 toV ば 2 ・ 5milIion    2; 寸 lmostonethird  of 山 e  AustraIian  CQntinent ，   e 
majority  of  this  area  has  an  arid  or  semi-arid  climate  (Fig.1).  The  desert  region  (zone  6,  fig.1)  has  a  low, 
sporadic  and  unreliable  rainfall  and  does  not  support  agricultural  production.  The  semi-arid  rangelands 

  
4 1)d ， 。。 F9  。 the)fbt 。 仁毘 " 三ぢ記器ぢ乱 、 三 S ， 古ぽ了三目 ， 。ご慌                 ，山二監                 alI,L 三三三           苫 

  
側 
上池   u 曲 Inut 小 e 寸 pa 打 epnedominantlyhi 叫 yw 臼山 er 由 ， havelow  川田山 tS 卜比 and  p の rphF ぬ I 
properties.  Sandy  surfaced  soils  dominate  but  there  is  a  great  diversity  of  soil  types;  including  deep  sands, 

  

susceptibility  to  slaking,  ready  dispersivity  and  relatively  small  swel1-shrink  characteristics  contribute  to 
p 山 ra    坤仕 fbrmation.The 山 S 田 bu 甘 olQnofSo 肚 jIspoorIyde66nedand  fbralargep 「 op 田 oonof 山 e   
very  little  data  is  available  on  soil  chemical  or  physical  status,  thus  it  is  not  possible  to  give  accurate 
eS ば     Of 山 e  aDe 可以 八口 tofp 打 甘口 br5oilphysiCaIprobIe    山 coUntepedin  山 e  『 egton.R    日 l 
indiCates 山 ediS 田 tbu 甘 olonofd(dominant5oiI    S 口 Ongwi 山山 eLa      abd    jord    da 甘 Onh 松 rdS   

The  effect  of  agricultural  and  pastoral  activities  on  soil  physical  fertility  has  generally  been  deleterious  and 
in  some  cases  catastrophic.  Causes  of  soil  structural  degradation  vary  from  loss  of  vegetative  cover 
following  overgrazing  in  pastoral  areas,  to  excessive  cultivation  and  traffic  on  agricultural  land.  Effects  of 
皿 pp 口 Pna 仁   肝 m 口 trange  f 「 OmCompIete  ぽ mo"aIoftop 山 u  by  wind  or  wa ぬ e ，の iQn  t  山 e 
ubiquitous  but  less  visually  striking  soil  compaction  and  structural  deterioration.  Given  the  unreliability  of 
rainfall  and  fragility  of  soils  in  the  region,  land  use  should  be  limited  to  activities  that  will  maintain  or 
improve  soil  physica1,  chemical  and  biological  fertility.  The  impact  of  land  management  practices  on  soil 
physical  properties  is  determined  both  by  the  disruptive  forces  imposed  and  by  soil  susceptibility  to 
5 血 C 卜 寸寸山川 ge ・ Intumm  SuSCeptibitiiytosiructUralChangedep 口 dSoninherent め ilChatacte 『 i5taCS 刈山 
aspa 「 tiCIe5      山 5 田 bu 甘 Onand  山 epositionofsoiiin  山 epro 田 e ・ ThefoIlowIng  isab 『 hefacCoUntof 山 me 
COmmonsoiIphysiCalp 『 mbIemsknown  toaffeCtiandpr 田 u 山 V 町血山 e      On   

'  Soil  Science,  The  University  of  Western  Australia,  Nedlands  6907,  W.  Australia.  (Fax  +61-9-3801050)   
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many  features  fine  include  textured  networks  subsoils  of  is  cracks  dependant  and  on  channels  structural  created  features  bv  numerous  developed  wet/dry  under  cycles,  native  plant  vegetation.  root  and  These soil 

  

soil  physical  fertility  properties  has  not  been  fully  appreciated  in  management  systems  imposed  on  these 
血可 。の u ，・ 
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once  cleared  lack  the  cohesion  and  vegetative  cover  required  to  provide  resistance  to  wind  erosion,   
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behaviour  and  improved  techniques  for  assessing  soil  structural  status  and  ifs  susceptibility  to  change.                           wL 山 ge 山 eeaSSistanceofDrpC ・   ob  川 d    ・ philGo 山     8inpmp      8themap( 行 gupel) ― 
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Removal  of  Salt  and  Excess  Water  from  Soils  Using  Evaporative  Force 

Yukuo  Abe* 

The  accumulation  of  salts  and  excess  water  in  soils  found  in  arid 
environments  exacerbates  soil  degradation.  In  order  to  control  salt 
accumulation  and  excess  water,  new  methods  involving  the  use  of  evaporative 
force  have  been  studied.  These  methods  include  a  salt  capturing  method  which 
removes  salt  from  the  soil  surface  by  using  absorbtive  materials,  a 
dehydration  method  which  desalinizes  the  soil  surface  of  accumulated  salt  and 
an  evaporat ユ oron  L 卜 a ユ nage  method  Rh ユ cbCh  d ユ Spo も eS  of  water and  salt  ln  5O ユ 1 
through  the  use  of  an  artificial  tree-1ike  apparatus.  These  methods  are  both 
possible  and  effective  in  principle.  They  are  introduced  and  discussed  here 
based  upon  various  experimental  results   

Key  Words!  Dry  environment.  Salt  accumulation.  Evaporative  force.  Drainage 

1.  Introduction 
In  arid  environments,  the  treatment  of  salt  laden  soil  is  a  major  problem.  Though 

many  methods  of  preventing,  reducing  and  controlling  salt  accumulation  are  already  in  practice, 
there  is  not  as  yet  a  method  which  can  provide  a  comprehensive  solution  to  the  problem.  In  view 
of  this,  some  new  techniques  have  been  experimented  which  may  help  overcome  some  of  the 
problems  associated  with  the  methods  which  are  currently  in  use. 

Our  research  group  has  focused  its  attention  on  three  methods  that  use  evaporation 
a ・ 5  a  coSSt  effectlve  川 ean 与 fo 「 ア eTo サユ ng  salt and  SOlut ユ o On  「 on  O 「 ユ n  the  SO ユ l  S    aCe( 尺 be  e 干 

al ・ r1992)  I 人 e 十 al ， )1993) ・ エ n  addltlon  pe  have  al5o  not ユ Ced  an  川 e 人 FeCtedly  high  inC 互 denCe  Of 
wate 「 工 。 甘耳ユ ng  ユ n a 「 ld  rPg ユ OIonS ・ The 「 efo 「 e@  devel 。 p ユ ng  ne 甘山 eth 。 dS  Of  re 川 OV ユ ng  ト人 CeS も pate て by 
counte 「 人 ng natU 「 al pa 寸ユ lta 十ユ oo 打 al ld 「 alnage lS neceSSa 「 y. In 亡 h ユ卜 paperr pe e 入 Pl 。て e も Q 口 e 。 亡 the 
concepts,  principles,  advantages  and  problems  of  these  methods  based  on  new  ideas  shown  by 
using  the  results  of  basic  experiments. 

2 ・ Salt clrculatlon ln soil 如 d its CO 川上。 川 ea5 町 ee 

Salt  in  soil  circulates  endlessly  accompanied  with  the  flow  of  soil  solution. 
Pig.l  shows  the  sources  of  salt  ユ n  soil  consist ユ叫 Of  e 人ユ Stlng  salt  ln  soll,  solUble  Sal 十 ln 
g エ O 川 d  pa 上 er)  Salt  roCkl  ユ汀ユ gat ユ On  pater  and  亡 e アモユ l ユ Zer  and  v8rlouS  Pheno 口 ena  ア eIated  to  the 
aCt ユ Qn  O 十 Sal 上 d 町ユ ng  C ユ rCula ちユ OL  Mter  で aln ユ叫 o 「 斗 r 丁 lgat ユ On  OCCu エ S@  S も l も Do 廿 eS  も Oge 十 her  寸 l も h 
solution� downwards  transporting  existing  salt  in  the  soil   

Reve 「 sely,  When  evapora 上 loQn and  上 r 川 Sp ユ 「 atloIQn  beglns,  Salt  C 面 geS  lnto an  upp 町 d 
flow.  At  the  soll  surface,  only  water  6 ノ apo 茸 a セ eS ・ In  order  to  prevent  salt  accumulatlon,  帆 y 

Co   te   eaS   色 S   e be ユ ng p 甘 actICed ・ TheSe ユ nCludel ユ   ユ ga 亡ユ On@ evapora セユ On COnt ど OlI Sal セ 

leachlng,  lower ユ nEn8  the groUnd  water  tablee  and  controlllng  the  capll1 ユ紅 y  frlnge ・ hopever  a 

truly  effective  method  has  yet  to  be  found.  To  resolve  this  problem  we  must  develop  technology 
which  can  stop  salt  from  endlessly  circulating  in  a  closed  system  and  remove  it  to  an  outer 
system.  In  arid  conditions,  because  the  upward  flow  of  salt  in  solution  is  more  predominant 
than  the  downward  flow,  evaporative  force,  which  is  the  force  behind  the  salt  movement,  can  be 
progressively  utilized  as  a  natural  and  powerful  energy  device.   

*Inst.  Agr.  &  Forest  Eng.,  Univ.  Tsukuba,  Ibaraki  305,  Japan  (Fax:  +81-298-55-2203) 
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The  depth  of  the  accumulated  salt  layer  increases  along  with  increasing  evaporation.  When  the 
soil  surface  is  covered  by  a  salt  capturing  sheet,  salt  either  accumulates  on  the  surface  layer 
or  is  absorbed  by  the  sheet.  Salt  can  also  be  prevented  from  dispersing  into  the  soil  to  a 

large  extent.  The  capturing  sheet  is  made  up  of  a  medical  guaze-1ike  materia1.  Gauze  has  good 
permeability  characteristics,  a  retaining  capacity  for  salt  and  a  large  evaporation  surface. 

In  order  to  facilitate  easy  handling  of  captured  materia1,  stick-type  salt  attractors  were 
tested.  Buried  stick-type  attractors  which  are  inserted  into  the  soil  show  improved  performance 
compared  to  the  previous  type  of  the  stick.  Salt  accumulation  does  not  occur  in  the  soil 
surrounding  the  stick  surface.  Furthermore,  the  efficiency  of  salt  capture  can  be  improved  if 
the  soil  surface  is  covered  with  a  vinyl  sheet,  then  virtually  all  salt  can  be  captured  by  the 
巳ち斗 Ck  Although  some  problems  ex ユ S ち Iregardlng  handllng  and  removal  of  salt,  degree  of  a 山 e で enCe 
betTeen  the  cove 「 sheet and  も l011 ， 川 d  v 打ユ abllity  of  aPproPrIatate  peathe 「 COnd ユモユ OnS ， th ユ S 

川 e た hod  has  added  value  due  to  lts  related  advantages  such  as qaruth  retentlon,  evaporatlo 『 

prevent 斗 oTon,  blocklng  off  heat and  l ユ ght  and  protectlon  agalnst  so ユ l  eroSoS ユ onon   

4 ・ Dehv(vdratlol method to remove Sa 上十 from SOLl 
The� dehydration  method  was  developed  to  remove  accumulated  salt  on  and  inside  the  soil 

surface  layer  in  combination  with  the  salt  capturing  sheet.  This  can  be  used  to  lift  up  the 
salt  contained  in  the  low  mobility  solution  in  the  deeper  soil  layer  and  to  even  remove  toxic 
substances  in  the  soil  using  evaporative  force   

口 」。 w 
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Fig.  3  Comparison  of  dehydration  and  leaching  methods 
Pig.  3  shows  the  comparison  between  dehydration  and  leaching  methods      ea 。互   

washes  salt  away  with  comparatively  clean  irrigation  water.  On  the  other  hand,  the  dehydration 
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method  first  dissolves  accumulated  salt  by  using  a  small  amount  of  irrigation  water,  then 
solution  is  uplifted  by  evaporative  force.  Salt  is  finally  captured  on  the  surface  sheet   
Though  this  method  is  considered  time  consuming,  it  has  the  important  effect  of  removing 
solutions  with  high  salt  concentrations  and  preventing  underground  drainage   

5.  Evaporation  drainaee  method  for  disposal  of  salt  and  water  from  soil 
Though  preventing  evaporation  is  a  critical  theme  in  arid  land  research,  there  are  many 

unexpected  cases  where  the  groundwater  table  rises  to  a  very  shallow  level  causing  water 
logging,  poor  drainage  and  ponding  of  waste  water.  In  such  cases  a  drainage  channel  or  system 
cannot  be  constructed  due  to  either  economic  reasons  or  unsuitable  geographical  conditions. 
Therefore  an  innovative  approach  to  control  salt  and  water  is  necessary  in  order  to  develop  and 
ut ユ l ユ Z も Ithe  町 ld  「 eglonS.  In  thiS  r も 8a エ d)  We  haVe  Pu 「 sUed  a  ne 甘ユ dea  ph 人 Ch  e てて eCt ユ v 色 ly  ut ユ l ユ Ze5 
the  strong  forces  of  evaporation  which  are  prevalent  in  arid  regions   

Section  of Items  of  examination 
of the proposed ，イ 叫仰如 
口 p 亡 hodol0 打   The         I8ti        山 。 吋ガ         
process  consists  of Seo 田り 。 fw    卜   ， 

three  sections  that 釦叫 ly と     山山加。 f ぬ I 山川 

叫 H 。 川 で川 Ct ユ。ぬ さ トヘ including water 
  

ぬ   。 fwuterw 川 。 

evaporation,  solution 
transportation and 
absorption  of soil       

Ca 口 lla け f 「 lnge" へ   Trasportation  Transportation  quantity  of  solution 
solution.  Each  process 

口ヰ 9Olution  E 土干 eotof        te ヰ   に 
COn もユ さもも Of  d ユ十士 erent 

items  that  must  be 十 

取町 m 材 ― Absorption Collection  of  soil  solution 
experimentally and 十 卜 of《oil EfmCotIvQzoneofa    ゆ甘 on 
theoretically  in  order Flow  of  __ solution 一 ive  force 申 
to  achieve  an  amicable 801ution ― U 卜   Keeping  absorptivity 
balance  between  the Fig.  4  A  sketch  showing  the  apparatus  for  evaporative 
va エ I 。 u さ I] 甘 。 CeSSeS   drainage 

The  process  outlined  in  Pig.  4  aims  at  developing  a  technology  for  making  distilled  water  from 
water  vapor  evaporating  at  the  surface. 

6.  Conclusion 
如ユ川 lt 肛 gal  l 川 dS  mh ユ Ch  町 o  po セ ent ユ ally  th 「 eatened  by  5altt  acC 川 lat ユ On  C 川も e  口 Ore 

productive.  Such  lands  must  be  protected  and  sustained  to  ensure  future  food  supplies.  It  was 
confirmed  in  our  basic  experiments  that  these  salt  accumulation  prevention  and  removal  methods 
are  feasible  in  principle,  and  further  study  is  necessary  to  effectively  utilize  potentially 
productive  arid  lands. 
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Rangeland  Management  For  Stability  and  Production 
A  joint  venture  ofinsitu  training  and  research 

Adrian  WILLIAMS"  and  Robert  SVENDSEN" 

Abstract  -  The  paper  outlines  reasons  for  the  degradation  and  subsequent  recovery  ofrangelands  in  the 
Kalgooriie  region  of  Western  Australia  and  describes  how  these  rangelands  and  their  management  have 
become  a  teaching  resource. 

Keywords:  Rangeland  regeneration,  Kalgooriie,  Education   

  Introduction 
The  rangelands  of  the  Kalgoorlie  region  of  Western  Australia  have  changed  from  an  area 

exhibiting  very  little  human  impact  to  an  area  of  intense  human  activity  and  rangeland  degradation, 
and  then  to  an  area  of  rangeland  recovery  where  production  is  now  bordering  on  being  ecologically 
sustainable.  What  makes  this  unique  is  that  it  has  all  happened  within  100  years.  This  provides  a 
novel  opportunity  to  review  the  processes  at  work,  and  to  identify  why  recovery  to  a  productive 
state  has  been  possible. 

The  area  is  part  of  a  gently  undulating  plain  300  -  500  m  above  sea  level   Drainage  is  interna1, 
flowing  into  seasonal  salt  lakes  and  claypans. 

The  climate  is  classed  as  semi-desert.  Mean  annual  rainfall  across  the  region  varies  from 
200-250  mm.  Seasonality  and  annual  totals  are  highly  variable.  Extremes  of  temperature  range  from 
a  -3 ｡ C  winter  night  time  minimum  to  a  summer  day  time  maximum  of47 ｡ C. 

  Vegetation  consists  of  four  distinct  zones  (Beard  1990).  The  south  and  west  of  the  region 
supports  tall  eucalyptus  woodland.  This  grades  into  low  acacia  woodland  in  the  north,  and  into  open 
chenopod  shrublands  in  the  south  east.  Beyond  pastoral  country  to  the  drier  north  east  the  vegetation 
becomes  dominated  by  tussock  (spinifex)  grassland   

Ground  water  resources  in  the  region  are  highly  variable,  ranging  from  fresh  to  100,000  ppm 
TDS.  Generally  groundwater  quality  is  reflected  in  the  vegetation   Eucalyptus  woodland  tends  to 
delineate  the  areas  of  saline  to  hypersaline  groundwater. 

2 History  ofranaeland  degradation 
A  number  of  factors  contributed  to  the  degradation  in  the  Kalgoorlie  Region   
･  Pastoralism  commenced  in  the  region  in  the  1870's  at  a  few  isolated  locations. 

However,  the  main  thrust  of  animal  rearing  was  in  answer  to  the  demand  for  meat  and  milk  in  the 
early  mining  towns.  Animal  rearers  brought  European  ideas  of  stocking  rates  to  bear  on  the 
rangelands  which  led  to  rangeland  degradation  and  urban  dust  problems  (Burnside,  1993). 

･  The  growing  gold  mining  industry  required  vast  quantities  of  timber.  Timber  was  used  in 
underground  workings;  it  provided  firewood  and  fuelwood  for  condensers  to  produce  potable  water; 
it  supplied  building  materials,  fuel  for  power  generation,  and  fuelwood  to  power  the  pumping 
stations  of  the  Goldfields  water  pipeline,  opened  in  1903.  These  uses  consumed  up  to  500,000  t 
annually  (Kealley,  1991).  By  the  time  fuelwood  harvesting  ceased  in  1960,  some  30  million  t  had 
been  harvested  from  3.4  million  ha,  generally  using  clearfelling  techniques. 

･  Progressively,  pastoral  production  changed  to  wool  (Faithfu1,  1994).  Wool  production 
boomed  first  in  the  1920's  in  the  North  East  Goldfields,  in  the  north  of  the  region.  Here 
underground  water  was  of  suitable  quality  for  stock.  Stock  were  not  removed  in  dry  times,  so  that 
vegetation  growing  close  to  watering  points  was  grazed  to  the  point  ofrangeland  degradation   

'  District  Leader,  Agriculture  Western  Australia,  Kalgoorlie,  W.A.  Australia  6430.  Fax  -  0015  61  90  912  199     "  Head  of  Department  Applied  Science,  Kalgoorlie  University  College,  Kalgoorlie,  W.A.  Australia  6430. 
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･ Stock  management  in  the  early  years  was  based  either  on  a  paddocking  or  shepherding 
SySte 口 ・ Paddocks  were  commonly  in  excess  of  4000  ha.  It  was  a  legal  requirement  that  fences 
around  paddocks  had  to  be  erected  mnning  either  north-south  or  east-west.  This  rule  made  no 
allowance  for  geomorphology  or  changes  in  soil  or  vegetation  type.  Degradation  of  areas  of 
preferred  grazing  resulted. 

･  The  provision  of  manmade  water  points  allowed  native  animals  and  feral  animals  to 
increase  in  numbers.  This  placed  even  higher  grazing  pressure  on  the  rangelands,  a  problem  that 
became  particularly  apparent  in  years  of  low  rainfal1,  and  little  pasture  growth. 

Today  the  condition  of  rangelands  is  highly  variable  Australia  wide.  However,  Goss  et  a1., 
(1995)  states  that  rangelands  used  wisely  are  a  renewable  resource  which  can  continue  to  produce 
export  income  with  minimal  inputs.  The  area  of  Western  Australian  rangelands  that  are  considered 
to  be  severely  degraded  and  eroded  is  less  than  2%.  The  North  East  Goldfields  and  Nullarbor  have 
the  lowest  recorded  percentages  of  severely  degraded  and  eroded  areas  (0.4%  and  0.0% 
respectively).  Pringle  (1994)  states  that  the  North  East  Goldfields  are  in  above  average  condition 
compared  with  other  surveyed  areas.  This  then  begs  the  question  why  are  the  rangelands  of  this  area 
in  relatively  good  shape.  Exploration  of  this  may  reveal  clues  to  methods  to  address  improvement, 
and  sustainability  ofrangelands  in  Australia  and  other  countries   

3  Factors  leading  to  raneeland  recovery 

3.1  Administration  The  rangelands  of  Western  Australia  belong  to  the  State.  Pastoralists 
have  leasehold  tenure  under  the  Land  Act  (1933).  Lease  tenure  is  administered  by  the  Pastoral 
Board,  which  relies  on  the  Department  of  Agriculture  to  furnish  reports  on  each  lease  every  five 
years.  This  provides  the  opportunity  to  set  lease  conditions  to  mitigate  land  use  problems.  The 
Land  Act  is  supported  by  the  Soil  and  Land  Conservation  Act  (1945-1982).  The  Conservation  and 
Land  Management  Act  (1984)  and  the  Wildlife  Conservation  Act  (1976)  control  the  use  of  native 
flora  and  fauna,  and  allow  for  the  creation  of  reserves  for  the  conservation  of  specific  species. 

The  sizes  of  pastoral  properties  in  Western  Australia  rangelands  are  larger  than  in  many  other 
areas.  The  average  pastoral  property  size  in  the  Kalgoorlie  region  is  some  200  000  ha  (range  = 
13  000  -  2  000  000  ha).  The  State  has  resisted  the  temptation  for  smaller  properties  and  closer 
settlement.  Alternative  land  uses  are  being  investigated  with  a  view  to  diversify  pastoral  stations 
away  from  a  single  enterprise  system.  The  messages  here  are  that  property  sizes  need  to 
appropriately  reflect  the  productive  potential  of  the  land  and  that  diversification  of  income  sources 
on  individual  properties  will  become  an  increasingly  important  weapon  in  the  fight  to  prevent  over 
use  and  degradation  ofrangeland  resources   

3.2  Attitude  Appropriate  attitudes  towards  rangeland  resources  are  essential  for  their 
conservation.  This  was  considered  so  important  by  a  group  of  experienced  Goldfields  pastoralists 
that  they  devoted  the  first  chapter  of  their  book  to  it  (Robinson  et  a1.,  1993). 

The  formation  of  Land  Conservation  Districts  (LCD)  in  the  rangelands  of  Western  Australia, 
started  in  1983  as  a  government  initiative  to  place  more  of  the  decision  making  power  for  the 
conservative  use  of  rangelands  in  the  hands  of  the  land  users.  This  has  been  an  important  catalyst  for 
change  in  attitude  towards  land  management,  as  well  as  providing  a  forum  in  which  to  exchange 
knowledge  and  experience.  LCD  activities  include  education  programmes  for  school  children  and 
urban  dwellers,  publication  of  advisory  materia1,  input  into  State  and  National  initiatives,  research, 
rangeland  rehabilitation  and  total  grazing  control   LCDs  are  supported  by  local  government  and 
State  government  departments. 
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Rangelands  occupy  about  three  quarters  of  the  Australian  continent,  and  the  condition  of  the 
rangelands  could  have  a  profound  influence  on  Australia's  future  climate.  Rangeland  users  are  therefore 
becoming  obliged  to  justify  their  use  of  the  rangelands,  and  to  educate  the  general  public  that  the 
rangeland  managers  of  today  are  sensitive  to  the  conservation  requirements  of  the  land  they  manage   

3.3  Technology  Five  technological  advances  within  the  last  20  years  have  aided  the  recovery 
ofrangelands  in  the  Goldfields  to  their  present  condition. 

･  The  advent  of  using  small  aircraft  to  assist  in  the  mustering  of  stock   
･  The  development  of  improved,  perennial  stock  watering  dams,  which  can  hold  water  for 

up  to  three  years  following  one  filling.  (Addison,  Law  and  Eliot,  1994). 
･  Stock  numbers  are  only  allocated  to  those  parts  of  paddocks  that  are  adequately  watered 

(Burnside,  Williams  and  Curry,  1990). 
･  The  development  of  systems  for  total  grazing  contro1. 
･  Rangeland  monitoring  techniques  for  Western  Australia  (Holm,  Bumside  and  Mitchel1, 

1987)  have  been  developed  for  pastoralists  to  use  in  their  management  decision  making   

4  Curren  challen  es 
･ Further  control  of  water  loss  from  dams  by  advances  in  evaporation  and  seepage  control 
･ Development  of  fodder  conservation  systems  to  minimise  drought  risk 
･  Reliable  long  range  weather  forecasting  to  minimise  drought  risk  and  to  take  advantage 

of  forecast  good  seasons 
･ Development  of  rangeland  monitoring  systems  based  on  satellite  imagery  for  use  by  land 

users  and  administrators  alike 
･  Development  of  cost  effective  rangeland  rehabilitation  techniques 
･  Development  of  renewable  energy  technologies  to  provide,  amongst  other  things,  remote 

power  and  water  desalination   
There  is  an  increasing  desire  to  meet  the  challenges  and  to  pool  knowledge  by  sharing  with 

others  in  the  arid  and  semi-arid  world  (Funston,  1993).  Maybe  this  is  the  greatest  challenge  of  al1   

5  Education/training  aspects 

                      In  1993  at  the  International  Conference  on  Arid  Landcare  there  were  several 
papers  that  prompted  action  in  the  Kalgoorlie  region,  to  develop  a  centre  for  continuing  research  and 
training. 

A  local  pastoralist,  Funston  (1993)  expressed  his  surprise  that  arid  land  management  training 
was  presented  in  Wales  and  other  temperate  countries.  Bumside  (1993)  argued  for  establishment  of 
a  centre  in  Western  Australia  which  would  focus  on  Rangeland  Science.  Svendsen,  et  a1,  1993 
detailed  a  course  in  Environmental  Technology  that  emphasises  arid/semiarid  land  rehabilitation, 
particularly  as  it  relates  to  mining  and  other  land  uses. 

The  melding  of  these  ideas,  initially  as  separate  interests,  led  to  continuing  discussions  between 
the  Kalgoorlie  College  and  Agriculture  Western  Australia. 

5.2  Direction  A  Memorandum  of  Agreement  was  drawn  up  between  Agriculture  Western 
Australia  and  Kalgoorlie  College.  This  agreement  amalgamates  two  (2)  infrastructures.  It  would 
then  be  centred  in  a  comparatively  well  managed  arid  environment  that  incorporates  mining  and 
pastoral  interests  in  a  region  that  has  overseas  and  other  governmental  associations. 

The  initial  program  implemented  under  the  Agreement  involved  ten  experts  from  the  Forest 
and  Range  Organisation  of  the  Islamic  Republic  of  Iran.  The  program  was  presented  in  two  phases 
over  three  months.  The  training.  Range  Management  for  Stability  and  Production,  was  developed 
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with  an  emphasis  on  applied  techniques  supported  by  appropriate  academic  aspects.  College 
lecturers  and  Agriculture  Department  staff  coordinated  various  segments  of  the  training  that  included: 

･  Water  contro1,  storage,  catchments  (qualitative  and  quantitative) 
･ Land  use  planning  within  catchments 
･ Rangeland  rehabilitation  and  conservation 
･  Production  from  rangelands 

。 f 、。 L 三二三三 耳三 三， 三 三 ，占 L こ :een にま ， 二 dm 監 ほぼ ・ "SO ま 。 CtlVe 。 E よ 三日ば pantS こ ; ぽ ;R 痒 L: ぼ三ぢ はま i は ;  ご三 

field  aspects  Late  in  of  1994  the  training. the  Minister  of  Primary  Industry  and  the  Minister  of  Education  for  Western 
Australia  jointly  announced  the  establishment  of  a  Centre  for  Rangeland  Science  at  Kalgoorlie. 
6. Conclusion 

As  one  examines  the  management  of  arid  areas  in  the  world  it  becomes  clear  that  a  predatory 
scheme  is  in  operation. Government  agencies,  industry,  and  the  public  generally  operate   

of  the  world  must  respond  or  be  assisted  to  respond  to  the  impending  disaster   
Sustainability  and  productivity  are  the  planned  outcomes  in  overcoming  degradation  and 

desertification  in  arid  areas.  Like  any  other  area  of  the  world  there  is  a  tenuous  relationship  among 
the  biotic  and  abiotic  aspects  of  the  ecosystem.  The  tenuous  nature  of  arid  areas  is  more  pronounced   

Plans  for  the  future  of  the  Centre  for  Rangeland  Science  in  Kalgoorlie  include  increased 
flexibility  in  training  programs  and  expanding  the  number  of  applied  research  projects   

Short  training  programs  will  be  of  one  week  to  three  months  in  duration,  tailored  to  participant 
requirements.  The  current  higher  education  Diploma  in  Environmental  Technology  (Arid/Semiarid) 
will  be  augmented  with  a  degree  in  Environmental  Engineering  in  1997. 

Research  to  promote  ecological  and  economic  sustainability  amongst  arid  land  uses  is  a  major 
focus  of  the  research  efforts  of  the  partners  in  Kalgoorlie.  Collaborative  research  is  welcome. ― 
  ・   J ・ S 。   w ， LJ.andEliot@G ・ B ・ l(1994).p 川 nCInd 口川 nor 山 domld ぽ kl ぬ I ガ @ll@llnnti4  RulIl@t;n4281 ・ DAW た P   
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and  Cabinet 
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However,  since  the  estimated  amount  of  carbon  dioxide  emission 

  

2.  Definition  and  aooroaches  of  sustainable  construction 

2.1  What  is  sustainable  construction In  the  aforementioned 

conference  "sustainable  in  construction".  Tampa,  Florida/  A  keynote  many  attempts  sueaker  defined  were  made itto  in  a  define broad 
sense  as  "construction  of  the  time  and  space  effects  of  construction 

      Mangr.,  Gen.Mangr./  Shimizu  Shimizu  Corp.  Corp.,  Tokyo  Tokyo  105-07,  105-07,  Japan Japan  (Fax:+81-3-5441-0358) 

JAALS



172 

eeed/ 
， Srf 

  

  

  

/ enrt-t  

・ Ot/ 

工 hSnSe 
エ O0 

e  工 OOnnn SWaS 
    

t d   

Ln t a 

  

fneV 
工 O ne 

  

  

  

  （仁 

0 ヒ 

L 

  

  

  

    

  
  

nt 

  

/OVfge 
yeer 叩 

  C ete 
工） 
W 

nh OCepOQ  

土土土る 

tPettrart 

OS C 
（ L （ T （ Hdwn 

a.  Restoration  of  damacred  natural  environments  Treatments  of   
damaged  or  contaminated  environments,  e.g.,  soi1,  water  and  air, 
major  examples  of  this  category  of  activities.  As  the  concerns 
the  world  society  for  environmental  issues  grow  stronger,  and  as 

efe r0h a t 
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rules  and  regulations  against  contaminated  environments  become  more 
stringent,  needs  for  rectifying  and  restoring  damaged  environments 
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b.  Improvement  of  arid  environments  Construction  industry's 
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3.  Examples  of  efforts  of  realizing  sustainable  construction  (in 
case  of  Japanese  construction  industry) 

efforts  In  this  to  section,  realize  examples  sustainable  of  the  construction  Japanese  construction  in  each  of  these  industry's three 

  
Several  unique  characteristics,  including  the  following  two  functions 
clearly  distinguish  Japanese  A/E/C  firms  from  typical  general 
contractors  in  most  countries: 

-St 「 Ong  エ n ― houSe  deS エ gn  and  eng 工 neer ユ ng  CaPab エエ lt エ eS;  and 

  

basis’or  are  activities  activities  of  Shimizu  to  realize  Corp.  SuSLa エ n  the  エ nab aboVement 工 ee  Construct エ Oned  エ OOn.  three  The  categorles: fo オエ OW エ ng 
3.1  Achieving  cyclic  processes  In  the  category  of  creation  of 

built  environments  (construction),  the  following  efforts  are  being   

-  Develop  construction  system  with  low  environmental  impacts, 

@  -  USe  Reuse/recyc Of  mater 工 エ e  a 工 res S  and  エ ddua equipment  工 mater エ a オ withlow‘nvironmental  s impacts, 
-  Minimize  use  of  tropical  timber  plywood 
-  Minimize  discharge  of  waste  from  job  sites 
-  R  &  D  new  materials  and  construction  systems  aimed  at  maximum 

LeCyC 工 aab 土工 土 ty   

  

comprehensive  capabilities  in  construction  so  that  their  identities 
as  organizers  to  create  built  environments  may  be  reaffirmed  in  the 
era  of  global  environmental  sustainability   
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3.2  Restoration  of  damaged  environments  The  second  category, 
restoration  of  damaged  environments,  is  becoming  an  important  arena 
of  business.  The  following,  to0,  are  examples  from  Shimizu  Corporation: 

  Treatment  of  contaminated  soil  and  hazardous  waste 
  Water  purification  and  waste  water  treatment  system 
  Assessment,  simulation  and  treatment  of  air  pollution 
-  Bi0-remediation,  etc. 

These  activities  are  becoming  important  parts  of  the  construction 
business.  Japanese  A/E/C  firms  intend  to  make  direct  contributions 
to  realizing  a  sustainable  society  in  this  arena. 

3.3  Improvement  of  arid  environments  -  Desert  technology  Shimizu 
began  exploring  technologies  related  to  improvement  of  arid  lands 
ten  years  ag0,  the  first  in  the  industry  to  do  s0.  Environmental 
aspects  were,  in  fact,  not  a  key  issue  at  the  outset.  However, 
during  the  decade  since  then,  growing  concerns  on  global  environmental 
issues  have  shifted  the  focus  of  these  researches  clearly  toward 
enV エ ronmenta 工 SuSLa エ nab エエエ ty   

Shimizu  has  implemented  many  R  &  D  projects  directly  and  indirectly 
related  to  desert  technology,  e.g..  Meteorological  Simulation,  Wind- 
Blown  Sand  Simulation,  Satellite  Observation  Technology,  Topographical 
Analysis,  Vegetation  Cover  Improvement,  Technology  for  Selecting 
Tree  Species/  Permeation  Analysis,  Underground  Water  Simulation, 
Erosion-contro1,  Ground  water  Dam  Technology,  etc. 

Shimizu  also  prepared  several  conceptual  proposals  of  mega-projects 
for  improvement  and  development  of  arid  lands.  Examples  of  such 
proposals  are:  Construction  of  several  man-made  lakes  inter-connected 
by  canals  in  the  middle  of  a  desert  aiming  at  moderating  arid 
climate  (Desert  Aqua-Net  Project);  Construction  of  a  city  in  a 
desert  employing  technologies  to  achieve  maximum  conservation  of 
energy  and  minimum  impacts  on  environments  (Pacifica  Project) . 

Though  still  conceptual  and  futuristic,  all  these  proposals  are 
based  on  solid  technical  bases.  However  it  is  not  possible  for  a 
private  enterprise  to  implement  these  projects  by  itself.  Nonetheless, 
considering  two  explicit  concerns  of  the  present  world,  i.e.,  the 
concerns  on  global  environmental  issues  and  on  international  cooperation 
between  developed  and  developing  countries,  it  is  the  construction   
industry's  hope  that  some  of  these  projects  to  improve  arid 
environments  will  materialize  so  that  direct  and  really  meaningful 
contributions  to  the  sustainability  of  our  society  can  be  made. 

4.  Conclusion 
Realizing  sustainable  construction  is  a  difficult  and  long  term 

challenge  for  the  industry,  like  any  other  attempts  to  achieve 
SuSt ヨエ nab エエエ ty  of  our  SOC エ ety ・ However,  by  puLSu エ nng  the  goa 工 s  エ n  a 工工 
these  arenas  continuously  into  the  next  century,  the  author  believes 
that  the  construction  industry  will  be  able  to  arrive  at  visible 
solutions  on  "sustainable  construction". 

At  the  closing  of  this  discussion,  the  following  words,  by  an 
advocate  of  integration  of  environments  and  industries,  may  be 
recalled:  "It  is  not  merely  the  environment  that  is  at  stake. 
Business� itself  may  we 工工 be  at  stake,  土 f  bUS 土 neSS  doeS not  change 
its  strategy  (toward  SuSta 土 nab 土土 ty) ・ (G ・ pau 工土 ， 上 995) 
Reference 
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Pauli.G.  &  Capra,  I;'.  (1995)  :  "Steering  Business  Toward  Sustainability",  United  Nations 
Un ユ VeLL 土 ty p て esSf Tokyo 

JAALS



  川 M5 ， I 
    175-17 

id  Land 
    

  

Desert  and  Desertification  control  Techniques  in  China 

Zhenda  ZHU*  Shuhong  CUI** 
AbStract-It  is  丁叫ト lant  to  control  deserl    仏さ e ト t]ftc8l] 川 for  6 山 ttaU ト nable  小ノ eto    t ・ Thts P8Pe 「 

も r ヰ efl ノヰ爪 tr        Ihe  teChn ヰ斗 lqueg  hou  to  control 。 卜 ert  and desertification  in  Chi 低 ・ 朴卜 e 
teChn]    ヨ           to be  successful. 

Key  Uords:  Control  desert  and  desertification,  China 

1.  Introduction 
Desertification  or  land  degradation  is  one  of  the  most  serious  global  environmental  problem.  China  is 

one  of  山 e  の皿向卜 afoected  by  deserttftCatton. Tbearea  ofdesert and  sandy  de5enin ぬ land  is  l,533,      2 ， 

or  l5.9%  oftotal  land anea  of 山 lna ・ D 卜 enln 口 tIon has  d 卜 t 口 y 山山 e    lo 川 C 寸 system  川 d    印ほ d  5 卜 t      b]e 
developmen[.  Fortbeie reasous ・ TbeCbinese  government bas  made  a  lotofef6or[s  foInn5earcbiag aDd  の 川 b      8 
desert  川 d  deSeftifiCation formauy  yCafs  a4d  れ川 ev ぬ 幻   Suaccess.  China  government  has  ratified  "Agenda  21 
ofCbiaap,ia  wbach  Co    ぬ IDg  DeserfifiCation tsCbapter  l6. 

2.  Major  Technioues  for  Combatinp  Desert  and  Sandv  Desertification 
ACCOrdiag  to tbe Datunnl reSouroes  aDd  soc;al 切 no 血卜 Ch    teri5[i 卜 b  血 e  desert  川 d  d    n 而日 I 川 d 

in    i 皿 aDd  ontbe  b 払 ilisofexisting  p 口口 em  du 「 dai  山 e  development and  u[lllzation apd  of 山 @e  expeHeD ぽ g 寸 n ノ 
山山 e  の 口 ba 血 g  deSertiftCation tDtypiCal    ・ 山 e    uor  t      qu 於町 e  於 folIow 卜 F 

2 ・ lEnE;n 比     互川 d  BioIoE;    Me 必 uf 卜 R ぬ uCe  山 e  speed  ofS 川 d  d 『 inn  and  Iowertbe  s 川 d  の nten 卜 lntbe  寸 r 
current  through  engineering  techniques  such  as  vertical  sand  barriers,  straw  checkerboard  protection,  etc.,  and 
biological  techniques  such  as  natural  regeneration  of  the  vegetation  cover,  sand  control  forest,  and  shelterbelt 
nets.  In  the  lowland  between  the  dunes,  trees  and  shrubs  are  planted  to  split  down  and  isolate  dunes. 

2 ・ 2  口 e 血司 MeaSuneS  S は bil ぬ 山 e  も杣 LiLg  S 川 d    a ぽ to  pmv 川 t  wind  e 口 5ion  by  muChhg    h  必 OFg      C 
皿 山山 卜山 d    -    如   ends  for  mul 山 Q ， 川 d  shiRRingiand  dUD 餌 by  比 e            ( ぬ p    t  emulsion ・ 

ply 呵 l 血九 ， plWbyl 杣の bol; 匹 IW ぬ yl 畔 tate ， 如 i 川 sIIiCatea4dby 加 l 川口 wIy    lo 市血り   

3.  Specific  Measures  Taken  to  Combat  Desert  and  Sandv  Desertification 
  山 e  b 卜 isiS  oftbe  札 ove  m 印 tion 口口 nt 口 l  tL    OIo 酊 Lrd    n    d    dy  d さ e 山 nQHon ， 山 e  S    巾 C 

m    u      如 opt ぬ for diffeDent natural  con 山 tio 瓜川 d target  ob4eCtives  of  desert  川 d  S 川 dy  d    n 而   ion 
の n 如 l   

3.1  Equitable  Allocation  of  Available  Water  and  Protection  of  Oasis  in  Arid  Zone  Desertification  in  arid  zone, 
on  the  one  hand  may  be  caused  in  the  lower  reaches  because  of  the  misuse  of  water  resources  at  the  upper  and 
    d 山 e 「 e ぬ h 卜 ofiniand rivers ・ On the  o 山 er  h 川 d ， 山 e  de5truction  of  vegetated  dUaei  atihe edge  ofo あ is    ノ 
Cause  山 e    行 v 寸 ion  offnx 司 qdduneand  enC 口 れ   切 t  o 片 5 川 d  d 皿卜 ・   e  follow 山 g  t ぽ     qu 卜   ado 叫 ed   
(l)Takipg  山 e inlaDd  『 nverbasiDas  a  wholeecoIogiCal unitto  prepape  a  m ぴ teter  pl 川 Oor 山 te      n 出   昨   t 
and  utilization  of  surface  and  underground  water  resources,  and  to  establish  an  irrigated  oasis  which  relies  on 
w 寸 ersupply  to sustain  a  stable andhigbly  e 而ぴ切 tiartiRRcial ecoSys[em  寸山 e inlaDd  『 iverbasin. 
(2)  Taking  the  oasis  as  the  center  to  plant  sand-blocking  belt  of  grasses  (using  the  surplus  water  in  winter  season) 
at the  outSkinnS  Ofo あ isi5aDdpl 川 ([  mixtuDe  sandb    山川 Dos ぬ oftDees  apd Sbrubs  れ山 e    g      Of 山 e  o 卜 L 
and  farmland  protective  networks  and  wind-breaks  in  the  interior  of  oasis   
3)  For  山 e SbiftiDg  dunes  at  oasis  ぬ 昨 ， 山ぽ れ山 Oapd  p 『 mteCtion  should  be  QtaM 曲ぬ and  S 川 d-hoId 叫 SpeCie5 
should  be  planted  inside  the  checkerboard  protection  and  woodlot  should  be  established  in  the  inter-dune  areas 
to  form  a  protective  system.After  taking  these  measures,  the  environment  developed  soundly  (Table  1)   
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Table  l.Tbe  chanEe  oflan 山   e  beoore  川 d  折 er  の ntrol  S 川 dy  deSertinlCation in  M    HO 卜 iCo 市 dor 
レぬ   pa 低 m Percentage  of  (he  area  occupied  (%) 

卜卜 L 川爪而 l a 卜ヰ口 L 口 l 

'          。 " 必 54 ・ 6 9 ・ 4 
M  祈 ec 田吋 d 改而ぬ don 1 丁 ・ 8 0 ・ 4 
neversed deL 市 n 口廿 COn (o 『 Ghards an4" 。 山 @ 如 ) 9 ・ O 52 ・ 4 
"      "'" 。 "' 依 " 。は " 。 " 8 ・ 9 コワ・ 8 
Wastelands 9 ・フ   

3.2  Readjusting  Landuse  Pattern  and  Recovering  Vegetation  in  semi-arid  zones  The  techniaues  of  combating 
desertification  is  as  follows     

L 注 IaIielDl                                            鞘監芝二耳 ， 鞘蕊 ，三三 ま ほご 呈 三 盟皆弓 :e 二目 鹿監ぢ e ･ e 三 卍 三ま TO] 三三 蹴 LF ま 色ミ ヨ 言呈耳 
the  proportion  of  woodland  and  pasture  should  be  relatively  enlarged   

Table  2.  Suitable  rate  of  landuse  in  the  drvfannine  area  affected  bv  sandv  desertification 
Degree  of  desertification Percent  oflanduse  (%) 

crooDine plantation pasture 

47 27 26 
ま       : 面 ， 乃 30 45 
severe 15 30 55 
most  severe 10 川 50 

(2)  For  the  protection  and  regeneration  of  the  natural  vegetation  cover,  for  example,in  the  east  part  of  Horqin 

: 日芝 LL:: 三日 3 晋三 1 詰ま二三。 悶 :R 日 ・ 三 ， ま三ま届 LB ご甜三 ・ t 乱二ぽ R;;i 三 ， 比去 。 仁箕おま・、判ぽ三珪                   
の ver 叫 e  川 d  bio    S  bo 小 inCre 瓜 ed  aS5hown  in  Table  3   

Table  3  Changes  of  vegetation  coverage  (%)  and  biomass  (g/m2)  since  the  natural  conservation  in  Zhaohaimiao 
町印 OfHoFq 卜 St 印 Pe 

川川 t 口   血け Without  conservation Conservation  for  3-4  years 

veeetation  cover biomass veeetation  cover 川 om 仏も 

30 130 65 271   30 483 45 733 
40 219 川 386   35 183 65 364 

;RP 三親               -          甜 日点 ; 三畔芯日 。 賭三 T 龍ぽ。ぽ杷日ほよぜ。 E ぷ。三ぽ p ・ご器， i 日ほ 浦安 ぽ 紫丁 d 三二二三 
to  control  wind  erosion.  Consequently,  Non-desertified  land  increased  sharply  (Table  4)   

Table  4.  The  chanpe  of  landscaoe  before  and  after  the  establishment  of  vegetation  in  Zhane  Wu.  Horain 
NOn づ ese 而乃ぬ 
land                                                                               Shifting  sand  dunes Wind-eroded  lands Semi-fixed  dunes 

BeLn  Con 而 l 叫     22 
After  control         

3.3  Prevent  Railway  and  Highway  From  Sand  Dune  Movement  Laree  areas  of  shiftine  sand  dunes  have  been 

茎 琵 再騒豆巻員灘緊藍箆箆蕊至箆緊輻ぎ翠， 
Taklimakan  desert  along  the  oi1-transporting  highway,  adopted  the  checkerboard  protection  by  using  reed  grid, 
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1.  Introduction 

Land  degradation  is  trending  accelerated  development  because  of  the  increasing  pressure  of  human 
population.  Sandy  desertification  is  a  main  kind  of  land  degradation  in  the  North  China  (Zhu  Zhenda,  Liu 
Shu.  1989),  which  mainly  caused  by  excessive  human  impacts  through  wind  erosion  (Zhu  Zhenda,  Wang 
Ta0,  1990).  During  last  four  decades  the  sandy  desertification  has  shown  the  continued  spread  in  arid 
and  semi-arid  region  of  the  North  China  according  to  implemented  research  projects  of  repeated 
monitoring  and  assessing  based  on  remotely  sensed  data  analyzing  and  investigation  of  nature  and 
spci0-economy  (Zhu  Zhenda,  Wang  Ta0,  1990,  1992).  The  sandy  desertified  land  had  expanded  1,560 
sq.km.  annually  on  an  average  from  the  middle  of  1950's  to  the  middle  of  1970's,  and  for  the  last  decade 
it  has  gone  up  to  2,100  sq.km.,  the  sandy  desertified  land  has  reached  197,000  sq.km.in  the  late  eighties 
(Zhu  Zhenda,  Wang  Ta0,  1990,  1992).  The  form  and  intensity  of  land  use  determine  to  a  great  extent  the 
development  of  sandy  desertification  in  arid  and  semi-arid  region.  This  study  focuses  on  land  use  and 
sandy  desertification  based  on  monitoring  and  assessing  the  processes  of  sandy  desertification  in 
Bashang  Region  of  the  North  China   

backoround  2.  Environmental  of  Bashana  Reaion 

Bashang  Region,  66.500sq.km.  of  studied  area,  is  situated  in  the  southeast  part  of  Inner  Mongolia 
Piateau,  1,350-1,600  metres  of  elevation,  undulation  of  topography  distributed  hillocks  alternate  with  lakes 
and  lowlands.  The  area  has  a  semi-arid  climate  with  an  average  annual  temperature  from  0  ｡ C  in  west 
part  to  4  ｡ C  in  east,  80-110  frost-free  days,  320-450mm  of  average  annual  precipitation  and  60-70%  of 
the  rainfall  falls  between  June  and  August  1,500-3,000  mm  potential  evapotranspiration.  The  region  is 
controlled  by  the  Mongolian  high  pressure  in  winter,  cold  and  windy,  but  in  summer  it  is  continental  low 
pressure  and  subtropical  anticyclone,  warm    and  rainy.  The  dry  season  lasts  from  September  to  next 
Apri1,  and  there  are  active  wind  erosion  and  sandstorms  because  of  the  strong  wind  and  surface 
deposition  of  sandy-composition.  The  regional  soil  is  chestnut  soil  in  west  and  black  sandy  soil  in  east. 
The  rivers  are  continental  mainly  with  short  distance  and  limited  flow,  and  seasonal  streams.  The  natural 
vegetation  is  steppe  society  of  temperate  zone  which  mainly  composed  of  Compositae,  Graminae, 
Rosaceae  Leguminosae  and  Ranunclaceae.   
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3 ・ La 爪 d  uSe 

The  environmental  background  had  evolved  a  fragile  ecosystem  in  Bashang  region  over  thousands  of 
years,  mostly  in  response  to  climatic  changes.  Throughout  most  of  history,  what  humanity  has  been  able 
to  cope  with  such  an  evolution  by  colonizing  new  and  hitherto  unaffected  areas  was  nomadic,  which 
become  the  traditional  pattern  of  land  use  and  was  the  best  natural  and  social  selection.  According  to  the   
historic  records,  there  were  very  limited  human  activities  in  the  region.  In  1681,  Kanxi  emperor  (1662 
-1722)  of  the  Qing  Dynasty  (1644-1911)  chose  east  part  of  the  region  to  be  Mulan  hunting  field,  so  that 
from  1681  to  1820  the  field  was  special  site  for  emperors  who  hunted  here  nearly  every  autumn.  So  one 
can  image  that  during  that  period  the  region  was  kept  a  very  good  environmental  condition  as  the  historic 
books  said.  Actually,  the  crop  agriculture  developed  only  since  a  hundred  years  ag0.  During  the 
Guangxu  emperor  period  (1875-1908)  of  the  Qing  Dynasty  the  region  was  encouraged  to  migrate  and  to 
be  cultivated  resulted  from  the  practice  of  police  of  station  troops  to  open  up  wasteland  and  garrison  the 
frontiers,  the  mass  population  started  across  the  Great  Wall  to  the  region.  Up  to  late  of  1940's  a 
fair-sized  rainfed  farmland  had  been  dispersed  over  south  part  of  the  region,  and  some  had  reached  to 
the  north,  so  the  land  use  had  evolved  to  be  mixed  between  cultivation  and  grazing  from  nomadic  grazing. 
This  was  the  first  change  of  the  pattern  of  land  use  in  the  region. 

Since  1950's,  the  pattern    of  land  use  have  experienced  the  second  change,  i.e.  from  the  mixed  one  to 
be  cultivation  dominantly.  The  intensity  of  land  use  has  grown,  to0.  Faced  to  gradual  increase  of 
population,  up  to  more  than  two  times  in  late  of  1980  against  in  early  of  1950,  and  to  meet  the  need  of 
food  and  development,  the  region  has  been  determined  to  be  key  area  of  crop  cultivation.  There  were 
three  organized  campaigns  for  cultivating  the  rangeland  by  middle  of  1970's.  For  the  first  some  years, 
after  prairie  had  been  cropped,  local  people  had  good  harvests  as  expected.  But,  because  of  some 
reasons  like  the  limited  of  natural  condition  to  crop  agriculture,  wind  erosion  and  the  loss  the  surface  soi1, 
rapid  decrease  of  fertility  of  soil  and  the  limited  of  economic  base  so  that  nearly  no  input  for  land 
management,  the  grain  yield  had  declined  year  by  year  as  from  2,000-2,400  kg.  per  ha.  at  the  beginning 
to  600-750  kg.  per  ha.  at  the  latter.  What  happen  as  the  consequence  was  the  former  farmland  had 
been  give  up  and  more  prairie  had  been  cultivated,  although  it  met  those  limited  condition  again.  Such 
vicious  circle  took  five  years  normally.  By  late  of  1980's,  the  crop  farmland  already  occupied  more  than 
50%  of  total  area  of  the  region,  and  in  some  county  it  reached  to  80%.  Most  areas  of  farmland  had 
degraded  in  different  degree,  so  the  crop  production  were  lower  and  unsteady,  the  yield  per  unit  area  had 
sharp  declined.  Take  the  Fengning  county  as  example,  the  average  output  per  ha.  yield  were  1,335  kg.  in 
1960,  1,275  kg.  in  1970,  900  kg.  in  1980  and  600  kg.  in  1988.  Although  the  total  output  had  increased 
more  than  two  times  in  1979  as  against  in  1950,  thanked  the  increase  of  farmland,  the    grain  ration  per 
person  of  rural  area  had  decreased  from  455  kg.  in  1950  to  405  kg.  in  1979  because  it  had  been  shared 
by  much  more  population   

The  rangeland  had  reduced  60%  of  total  area  since  1950  result  from  constant  reclaim  in  the  region.  It 
was  no  doubt  the  severe  overgrazing  had  been  practiced  since  the  local  resident  always  tried  to  keep 
the  amount  of  livestock  as  many  as  possible.  Every  hectare  had  have  to  be  roamed  by  6  sheep  unit  in 
1988,  which  was  only  2  in  1959.  During  the  same  period,  according  to  the  statistics,  the  cover  degree  of 
vegetation  reduced  40-50%,  output  of  dry  forage  grass  declined  50-70%  and  the  quality  of  rangeland 
become  poorer  and  poorer.  The  supply  of  forage  grass  was  very  far  from  the  need  so  the  domestic 
animals  were  landed  in  the  predicament  of  struggled  along  on  the  verge  of  starvation  in  every  more  than 
half  year.  There  is  no  more  in  expectation  of  good  harvest  from  animal  husbandry  up  to  now. 

There  were  small  areas  of  woodland  in  the  region  and  most  of  them  were  shrubs.  It  was  also  very 
difficult  to  survive  because  of  the  gathering  firewood  and  grazing   
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