
                                                                                                                

 

 
 

Semi-Arid Forest Resiliency in the United States 
 

 

Increasing temperatures, as well as more severe and frequent 

droughts and fires, has led to recruitment failure in semi-arid 

forests in the western US. The project team analyzes satellite 

Earth observations and climate factors to identify optimal 

reforestation sites. Since recruitment failure affects semi-arid 

forests across the world, this project’s outputs can be applicable 

globally. This project addresses Sustainable Development Goal 

15 (Life on Land) by utilizing Earth Observation data to create a 

reforestation decision support system. 

 

 

 

 

 

 

OUTPUTS & IMPACT 

Creation of  a  we b-based deci sion su pport  system for use by US 
forest  resource mana gers (SDG 15.1,  15. 2,  1 5.1.1,  & 15.2.1)  

A pr ot ot ype  of  the  sy stem ha s been  d eve loped t o  provi de  gr id-ba sed 
spat ia l  i nfor mat ion a nd pred ict i ons a bout  the  p otent ia l  f or  nat ura l  
reg enerat i on  i n a  spec i f i c  p ost- f ir e envir onm ent  (Figur e  1) .  U sers  ca n 
ei th er  up lo ad a  cu st om burn  map for  a  pot entia l  refor estat i on si te  or  
se lect  a  h is tor ica l  wi ldf i re  si t e  to  exami ne.  Th e syst em  a lso  pr ovides  a  
co st -benef i t  ana ly si s  fea tur e  t o h e lp  i dent i f y  opt imal  rep lant ing  a rea s .  
The  p ot ent ia l  f or  natura l  re generat io n i s  deter mi ned by the di stance 
to  adu lt  l ive  t rees  whi ch ser ve  a s seed sour ces,  as  wel l  a s hi st or i ca l  
c l imate  co nd it i ons  a nd  r esponses .  The  sys tem simulates  P otent ia l  
Land Sur face  T emp er at ure  (P- LST)  and dynamic str ess  index (D SI )  
based  on per ce nt  l oss o f  conduct iv i ty  in  p la nt s .  System o utp uts  ar e 
mapped over  ar eas  wh er e r efor estat i on is  ma ndated  due  t o th e 
Natio na l  For est  ma nagement Act  (N FMA).  The t ool  outp ut s can  he lp  
in form SD G-r e lat ed  d eci si ons  about  forest  res i l iency  and a dapt abi l i ty .  

FIGURE 1. USFS DECISION SUPPORT SYSTEM PROTOTYPE USING 2017 BEARSKIN FIRE AS AN 
EXAMPLE. CREDIT: NASA ANNUAL REPORT 2020, SEPTEMBER 2020. 

SDG TARGETS & 
INDICATORS 
 
 15.1 – conservation, 

restoration, and sustainable 
use of ecosystem services 

 15.2 – sustainable forest 
management, restoration, 
and reforestation 

 15.1.1 - total forest area  
 15.2.1 - sustainable forest 

management 
 

EARTH 
OBSERVATION DATA  

 
 SMAP 
 AMSR-E 
 AMSR-2 
 MODIS 

 
PROJECT TEAM  
 
 Principal Investigator: 

Solomon Dobrowski, 
University of Montana 

 Co-Investigators: 
Marco Maneta, University of 
Montana 
Zack Holden, USFS Region 1 
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 United States Forest Service 
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Integration  and e xpansion of  eco -
hydrologic model  (Ech2o) into the 
decision support  syst em (SDG 
15.1,  15.2,  15.1.1 ,  & 15.2.1)  

One of  th e  key  c ompo nent s o f  the  
dec is i on  supp ort  sys tem is  the  
integr at ion  of  the  Ech2 o  model  with 
a  p lant  hy drau lics  model .  Ech2 o 
co nsider s ener gy ba lance in  r e lat io n 
to  h ydr ologic  a nd  for est  growth  dat a.  
The  pr oj ect  team ca libr a ted  the  
Ech2 o mode l  u si ng  da i ly  t im e- ser i es  
of  mea n- fi e ld  soi l  moi st ure  as  wel l  a s 
str eamflow measur ements fr om 
USGS t o op tim ize a ga inst .  Thi s 
proc ess  a l lo wed for  pred ict i ons  t o be  
mad e about  water  dy na mics  and soi l  
moist ur e  measur ement s in  cruc ia l  
rep lant ing  area s .  After  r unni ng  
simulat io ns,  the  mod el  p arameter s 
adjusted  accor ding ly  to maxim ize 
ef f i c i ency wi th in  th e dec is io n 
suppor t  system.  F igures 2  and 3  
i l lustr ate  h ow  the  P- LST data  i s  
mapped and examined a long sid e 
MODI S data.  USFS for est  resour ce  
mana ger s  ut i l ize  these o utputs  for  
SD G-r elated co ntr ibut io ns  a nd c l ima te  
issu es.  

Creation of  future cli mate 
simulation mod els for use by US 
forest  resource mana gers (SDG 
15.1,  15.2,  & 1 5.2.1)  

Af ter  discu ssion w ith  U S FS sc ienti st s  
and part ners ,  i t  wa s decided  that  the  
most  u seful  t imefra me for  c l ima te  
predict io n mo dels  i s  2 030 thr ough 
2050 because of  th e  r e levance  t o 
curr ent  for est  ma nag ement  a nd  
pla nning cha lle ng es.  Th e m odels  use dai ly  and sub-dai ly  input s  t o 
repor t  o n averag e chang es  in  minimum temp er at ures,  ma ximum  
temp erat ur es ,  so lar  r adi at ion ,  a nd  pr ecip ita t io n .  A  st ocha st ic  weath er  
simulat or  is  used a longs ide  thr ee  g loba l c l imate  mode ls t o  ho st  and 
integr ate  th e c l imat e  dat a  as  w el l  as  predic t  fut ur e  ch anges.  This 
in format io n is  r e levant  t o pr edict ing SD G-r e lat ed cha nges  in  c l imat e,  
thus  he lp ing  to  i nfor m SDG  c li mat e  p ol ic y  d ec i sions .  

PUBLICATIONS 

 A Climatic Dipole Drives 
Short and Long-Term 
Patterns of Post-Fire 
Recovery in the Western 
United States 

 Soil Moisture Variation 
Drives Canopy Water 
Content Dynamics Across 
the Western US 

 Critical Zone Storage 
Controls on the Water Ages 
of Ecohydrological Outputs 
 

DECISION TOOL  

 USFS Decision Support 
Tool: RegenMapper 
 

AREAS OF TOOL 
USAGE  

 Pioneer Fire, Idaho (USFS 
Region 4) 

 Creek Fire, California 
(USFS Region 5) 

 Yogo Mountain Fire, 
Montana (USFS Region 1) 
  

FUTURE WORK  

 Hydraulic and heat stress 
factors to be fully 
integrated into decision 
support system 

 DSI component to be 
finalized and integrated 
into decision support 
system 

 International applications 
of the decision support 
system to be investigated 
 

FIGURE 2. P-LST DATA DERIVED FROM 
ECH2O MODEL SUMLATED ON WESTERN 

US MAP. CREDIT: NASA ANNUAL 
REPORT 2020, SEPTEMBER 2020. 

FIGURE 3. DATA FROM FIGURE 2 
MAPPED TO HIGHLIGHT TO 

CORRELATION BETWEEN MODIS DATA 
IN WESTERN US. CREDIT: NASA ANNUAL 

REPORT 2020, SEPTEMBER 2020. 


