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S & T Approach

POSITIVE ATTRIBUTES

* Robust conceptual framework

e Flexible

o Allows for ‘event driven’ change

 Accommodates cyclic & directional
change

* Forces us to explicitly state conditions
and assumptions

* Explicitly links management and research



Beyond Boxes and Arrows......

MLRA 41-3 (12-16”), Loamy Bottom

la. Mlesguite seed sonrce present or indroduced. Lack of fire

for long perinds of time . Ivlesguite increases to 20%% canopryr.

7 s (0-20%%) 1b. Herhicide or mechanical means to remeve mescuite. PGING
= k SPWE 20 to 50% canopy 2a. CHG, Bage level changes canse gully and head-ward erosion.

! HCPBC Severe gully erosion Flooding reduced, water-tahle lowered to =20 feet.
¥ Watertable = 20 faet Zb. PGING, Iechanical control of gnllies at headouts.

SPYE [ 25-80%45] Flooding reduced 3a. CHG (roanaging for anmuals), burning (to freshen SPWE) plus
Fmosopsis sp. (1-15%0) CHG, Hay mowing, irrigated cultteation and abandonment.
Eroded, Sacaton Base level changes in main stream causes down-cutting and gully
Sacaton Grassland formation on the floodplain, flooding reduced.
Fire / Drought interaction Hb. PG, Mechanical gully control measures. . _
Seeding SPWE. with weed control and wwater. Re-establish flooding
1a l T 1b

SPWER-25-80%: canopy

b
6b 3a da, CHG conpled with dronght and, barrning with low zoil moisture
Ga Feduction of & horizon O and litter, cornpaction, sheet, xll

erosion. Beduced infiltration, greatly increased numoff
Mesqaite 520 % = = i e i et Sl e Fonoff, and weryr lrndted recroitiment of pererrdal grasses. Base

SPWE. 540 % canopy Pari. % berad " Tk sl s Lewel u:l'uangg in maj.n_ s.trea.m causes downoutting in swt-'ales.
Cither shrahs may be presernt wrfare mesquite 1-15% R e e A h. Mecl’mucalfl’mhm_lde treatment of shaubs to = 20%% canopryr.
Cither stoabs O to 10%7% Seeding of SPWE, maintenance treatments for shaotbs at 15 years.

Mesquite, Sacaton Fxotics Arnuala™ Ilechanical control of gully erosion. Fe-establish flooding.
Sa. CHG, intermption of overland flow, dirersion of ranodf,

Severe soil compaction frowm traffic (Ivestock or equipment)
Base level changes in main strearn causes down-cutting and
4b 5b gully formation on the floodplain,
Aq Sa Se Sa Sh. Wlechanical control of gullies. Mlesguite control or wood
harvrest with sturnp treatments (hethicide). Be-establish flooding.
e, Mlecharical control of gullies. hWescuite control to = 15 %% conee

Seeding of exotic srasses. Be-establish flooding.

3 4 fa. CHG combined with drousght, barming with low soil roo istare.
g{tiﬁﬁi?if;ml 1:“5 10 Plowing of sacaton for culttration with subsequent abandorrment.
Sewvere gully, strearrbark erosion Introduction or planting of seeds of exotic perentdal grasses.
Wabertahle o 25 4o 1 fet fh. Hethicide control of exotic grasses, seeding of sacaton with
Mo flooding weed control and irrigation or flooding.

Eroded, Mesquite, gy s Ve

F41XC3I10AF #} ative arrmals dominant, PG — proper grazing, no grazmg
may be patches of some non-natires IPWE - sacaton




AXis I

Early Warning Threshold

AVAER

(from NRC 1994)




S & T Approach

LIMITATIONS

e Heurisic states

e Transition mechanisms poorly understood

* Probability and rate of change seldom known
o « State longevity?
o « |_ikelihood of change to alternate states?
 « \What drives or triggers transitions?




S & T Approach

Beyond Boxes and Arrows......

~ Markov Models
~ Transition Matrix Models
~ Matrix Projection Models

T1
T7

Y Recently burnt,
many shrub seedlings
or resprouts

N

| Grassland,
scattered woody
plants

11l Dense
shrub cover,
little grass

From Westoby et al. 1989

Il Grassland,
with many shrub
seedlings




Compute P(change) from a given state
to another state(s)

Change

Matrix

I Matrix of_
Current

States

I New
State

_Matrix_



_ Matrix of e
Change _
[ vatric | X | €urrent = ﬁﬂtait:e_
~ | States L P

Approach: Classify vegetation in 20 x 20 m grids

Woodlands

W margins
Groves

G margins
Mature Clusters
Pioneer Clusters
Herbaceous zones




B i " Matrix of  New |
Chan_ge X Current = State
- Matrix  States _ Matrix_

Approach: Compare 20 x 20 m grids on 1960 aerial photo with those
on 1941 aerial photo

B W Wm G Gm \Y/ P H ]
W 0.873 0.232 0.000 0.012 0.000 0.019 0.000
Wm 0.075 0.56 0.030 0.040 0.029 0.058 0.029
G 0.007 0.006 0.515 0.121 0.115 0.019 0.029
Gm 0.007 0.79 0.242 0.489 0.164 0.112 0.108
\Y 0.000 0.006 0.061 0.035 0.212 0.032 0.010
P 0.035 0.110 0.152 0.224 0.260 0.575 0.471

L H 0.003 0.006 0.000 0.081 0.221 0.184 0.353 |




" Matrix of " New |
Change Current = State
Matrix States Matrix
|
W Wm G Gm M P H I ' - :
0.56 0.54
0.873 0232 0000 0012 0000 0.019 0.000
0.075 056 0030 0040 0029 0058 0.029 0.11 0.13
0.007 0006 0515 0121 0115 0019 0029 | w | 0.03 0.03
0.007 079 0242 0489 0164 0112 0.108
0.26 0.23
0.000 0006 0061 0035 0212 0032 0.010
0035 0110 0152 0224 0260 0575 0471 0.04 _ 0.07
0.003 0006 0000 0081 0221 0184 0353 ] '

(Wm and Cm not shown)




Stationarity Assumption

Transitions between states are
constant over time

Alternatives
e Develop a “mean transition’
e Develop time-specific transitions



Computed transitions for

ANNUAL PRECIPITATION FOR ALICE, TX

e 1941-->1960 DEVIATION FROM LONG—TERM AVERAGE
(DRY)
DY _ i WET -
PERIOD PERIOD
e 1960 -->1983 S
(WET) :
3
5 i S 1980



DRY
MATRIX

WET
MATRIX

0.873
0.075
0.007
0.007
0.000
0.035
0.003

0.970
0.027
0.003
0.000
0.000
0.000
0.000

Wm

0.232
0.56
0.006
0.79
0.006
0.110
0.006

0.497
0.429
0.000
0.042
0.000
0.011
0.021

0.000
0.030
0.515
0.242
0.061
0.152
0.000

0.373
0.090
0.328
0.119
0.030
0.060
0.000

Cm

0.012
0.040
0.121
0.489
0.035
0.224
0.081

Cm

0.132
0.126
0.137
0.432
0.085
0.095
0.021

\Y

0.000
0.029
0.115
0.164
0.212
0.260
0.221

0.044
0.65
0.196
0.522
0.109
0.065
0.000

=

0.019
0.058
0.019
0.112
0.032
0.575
0.184

0.088
0.121
0.036
0.170
0.104
0.447
0.036

H

0.000
0.029
0.029
0.108
0.010
0.471
0.353

0.019
0.086
0.019
0.216
0.111
0.475
0.074




- \Wet

Change ~
Matrix of - Matrix _ New
Current X or = State_
| States ‘pry | LMatrix
Change
_ Matrix _

20 y time-steps



Where are we headed?

e Forward projections

e 20y time-steps

« WET vs DRY transitions
randomly selected

e Constraint: P(WET) =0.40



How did we get
where we are today?

o Compute ‘reverse transitions’
(1983 -->1960 and 1960 --> 1941)

 Run model ‘backwards’ in time
- How long did it take us to get here?
- What did things look like pre-settlement?
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What iIf we ....

 Change the P(WET)?
e Change the sequencing of WET and DRY?

e Compute new transition matrices based
on new photo dates?

 Compute transition probabilities based
on composition of neighboring cell(s)?

e [Incorporate episodic events



S & T Approach

Beyond Boxes and Arrows......
 Dynamic Simulation Models



S & T Approach

Beyond Boxes and Arrows......

 Dynamic Simulation Models

e « Data Intensive

e « Highly complex

e o Difficult to customize for specific needs unless
model developer Is available

e « Even then, very time consuming; requires
expertise in high-level programming

« ¢ Research vs management models



Model Maker
www.cherwell.com/

# ModelM aker -

# File Edit “iew Component Model ‘window H
tutord
£3 Main
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www.hps-inc.com



Rainfall
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Grazing

Grassland Patch-Level

\‘ Increaser | lIntermediate Decreaser
\ Species Species Species
\‘— -

_V

Landscape-LeveI%

Juniper
Size 1 Size 2

Jﬁniper > Juniper
Size 3 Size 4

) Juniper
Size 5

Herbaceous|
. Annual Turnover ;
Biomass

|  Grassland,
scattered woody
plants

AV4 Recently burnt,

many shrub seedlings
or resprouts

Il Dense
shrub cover,
little grass

From Westoby et al. 1989

T2

Il Grassland,
with many shrub
seedlings




Grassland Patch-Level

Grazing
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Rainfall
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: %—}(Annual Turnover>
Biomass

Landscape-Level
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Size 3

Juniper Juﬁiper > Jﬁniper Juriiper Juniper
Size 1 ' Size 2 ' Size 4 ' Size 5




Rainfall

Grazing

Grassland Patch-Level
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Grassland Patch-Level
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Grassland Patch-Level
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Fuhlendorf et al. in prep

High Productivity Site
MAP =850 mm

Low Productivity Site
MAP =600 mm
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Year
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Density (trees / ha)
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With no fire, Juniper increases regard-
less of grazing history or grazing regime
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Year Fuhlendorf et al., in prep.
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Moderate grazing

—e—|ow productivity ——"
—e—high productivity '/*/

4

100

N

o0
o

l
1

Potential Herbaceous
Production (%)
S

40

No fire 15 10 { 5 2
Fuhlendorf et al., in prep. Fire Frequency (y)



Beyond Boxes and Arrows......

MILRA 41-3 (12-16"°), Loamy Bottom

la. Ivlesgnite seed source present or irdroduced. Lack of fire
for long perinds of tirne. Ivlesquite increases to 20%; canopryr.
A i (0-20%) 1b. Hethicide or mechanical means to remove mesguite. PGHG
= SPWE. 20 to S0% canopy 2a. CHG, Basge lewel changes cange gully and head-ward erosion.
! HOPC Sevare gully erosion Flooding reduced, water-table lowered to =20 feet.
¥ Watertable = 0 feat b, PG, Ilechanical control of gullies at headents.
SPWE (25-80%5) Flooding reduced 3a. CHG (ranaging for anmuals), barming (to freshen SPWER) plos
Prosopsis sp. (1-15%40) CHG, Hay mowing, irvigated cultivation and ahandonrment.
Eroded, Sacaton Base level changes in main stream causes down-cutting and gully
Sacaton Grassland formation on the floodplain, flooding reduced.
Fire { Drought interaction 3k, PGIG, Ilechanical gully control measures.
Seeding SPWE. with weed control and wwater. Re-establish flooding

1la l T 1b i wh e b da. CHG coupled with drought and, barning with low soil moisture

SPWER-25-80% canopy

Feduction of & horizon O and litter, cornpaction, sheet, Hll
erosion. Feduced infiltratior, greatly increased ranoff
Mesquite 5.20% = = i e i T E T FamofY, and wersr lrndted recritment of perenndal grasses. Base

SPWE 540 % canopy Pari % Germd i Tt ari s Lewvel Chﬂllgl? in maj.n. s_trea.m causes downoutting in stz-’ales.
Cither shrahs may be presernt wrforo mesquite 1-15% T ot S et o dh. Mechﬁ:ucalﬂlerblc_lde treatroent of shnibs to = 20%% canoprr,
Cither skoubs O to 1055 SZeeding of SPWE, maintenance treatments for shoubs at 15 years.

Mesquite, Sacaton Fxotics A ialaw Ilechanical control of gully erosion. Fe-establish flooding.
Sa. CHG, interraption of overland flow, diversion of ranoff,

Severe soll compaction frorn traffic (Ivestock or equiprment)
Base level changes in main stream causes down-cutting and
4b 5b gullsy forrmation on the floodplain,
Aa Sa Sc Sa Sh. Mlechanical control of gullies. Ivlesguite control or wood
harest with sturnp treatments (hetbicide). Be-establish flooding.
e, Wlechardeal control of sullies. Ilesguite control to = 15 % cone

SZeeding of exotic srasses. Re-establish flooding.

3 5 fia. CHG combined with droaght, ouming with low soil rooisture.
gtiﬁﬁi?fvfﬂlml 3:1’:5 10 Plowing of sacaton for culttration with subsegquent abandorment.
Severe gully, stieawbark erosion Introduction or planting of seeds of exotic perential grasses.

W abertoble of 25 to ] feet fh. Herbicide control of exotic grasses, seeding of sacaton with
o flhoding weed control and rrigation or flooding.

Eroded, Mesquite, . B

FO41X CI10AZ #Hative arpmals dorminat, PG — proper graming, no grasmg
may be patches of some row-natives SPWE - sacaton
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