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Motivation
Boreal forests of northeastern Eurasia are highly dynamic:

Recent disturbance
(burned or cut)

Mature a) spruce,
b) pine (or larch in
some regions), c)
mixed temperate
hardwoods/pine
dominant

Young regrowth —

birch or conifer +
birch

Deciduous .
maturing forest £



Presenter
Presentation Notes
Amur site – large burn in 1987 – transition to young forest and deciduous forest in 2000

Right – cycles of disturbance and succession in the mostly boreal forests


-

Ty SR ARy gl

T e
R NI



Presenter
Presentation Notes
Stand-replacing fires (top), young regen (bottom) and deciduous succession (with remaining larch stem, right)


Fire : Amur site path/row 122/023 185X185km
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Presentation Notes
Amur site – large burn in 1987 – transition to young forest and deciduous forest in 2000

Right – cycles of disturbance and succession in the mostly boreal forests
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Here’s a logging landscape from the RFE – in kamchatka in 2006


Harvest (logging)
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I Mature Conifer [_]Short/Young regeneration

[ Mature/maturing Mixed  [] Cut
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Presentation Notes
Imprint of human resource use on the landscape.  Left – central siberia site showing significant disturbance even before 1975 (combination of fires and large landscape logging in conifer (dark) and mixed forests; continuing in 1989 (cyan – new cut conglomerates), and then in 1999 we see effects of new forestry laws prohibiting clearcuts that have adjacent sides and not larger than 50 ha
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Presentation Notes
“Everything was good, but it didn’t last for long.”  These words were spoken by an experienced forest ranger. This village is one of several satellite logging communities that was deserted upon the exhaustion of the local resource base.  Here is a clear example of how changes caused by unchecked logging practices directly affected people and the resources upon which they depended. 

Widespread resource exhaustion in this region coincided with the dissolution of the former Soviet Union in 1992, which brought great socio-economic and political changes.


Significant and abrupt changes in
demographics and resource use
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Note the significant difference in out-migration from our region of study compared with Russia.
Most left small villages and migrated either to larger cities or to western Russia

Transition saw a drop in production of roundwood and sawnwood


Climate change

Mean temperature increase for the 2040-2069 relative to 1961-1990 under A1B
scenarios produced by NCAR-CCSM3
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Nice slide/example! -KB


Research Questions

e Synthesis Research Questions:

How have human-driven disturbances (logging, settlement)
related to use of forest resources, combined with natural
and other disturbances (fire, insects, agriculture), created
the landscapes of the region over the past 35 years?

e Do trends through 2000 continue into the present?

 How do they vary across and between the Russian Far East
and central Siberia?

* How have outside drivers (e.g. export/trade) influenced
LCLU?

How might they change in the future?

e |n particular due to: logging, fire, climate
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Two Synthesis Regions:

1. Data & LCLUC Synthesis: Russian Far East & Central Siberia

2. Integrative Modeling Synthesis: Russian Far East |
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The RFE is more than 9,000 km and seven time zones away from Moscow

Note that red boxes are the Landsat case study sites (our Landscape scale sites)
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It would be good to remind audience that each Landsat case study sites is a full Landsat path/row


B .
Results: Long-term Datasets Synthesis

» LCLUC Time Series classifications 1975, 1990, 2000 and J%
2010 eras: |

e Burn & Cut disturbance— 8 sites (i.e. Landsat path/rows)

* Multiple forest- and land-cover classes — 5 sites
e Bergen et al (2013) LCLUC Site Reports
e Loboda, Sun, et al (20-- ongoing) LCLUC Site Reports.

s ) Wettand
M Aaricultureta (path113 row29)
“"’;: Jcture Map (1976 - 2010)

e Infrastructure Time Series Mapping:

* Transportation : 1975, 1990, 2000, 2010 — 8 sites

e Urban: 1975, 1990, 2000, 2010 — 8 sites
e Bergen et al (2013) Transportation and Urban Site Reports.

e Statistical Time Series: ces

* Multiple province-level socio-economic variables 1975-2010
annually (RFE and Central Siberia) (
e Park, (2013) MS thesis Univ. Michigan. T
* Forest trade/export 1950s-2010, annually (Russia-wide &
international) .-\
* (Newell and Simeone, in press).

1870 1860 1990 2000 2010
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We extended time series classifications based on Landsat data to provide close looks at multiple study landscapes arrayed from the RFE to Central Siberia. We merged results from two separate institutions (Umich, UMD)

For these same case study sites we also compiled new spatial data on urban land use and transportation networks

We located and compiled statistical data at the province level for the provinces within which our case sites are situated.  For multiple forest, industry, demographic and other socio-economic variables

Results to date include (in addition to datasets), reports, related papers.  We have a paper ‘in progress’ on LCLUC in the case study sites.





Results: Disturbances

* Fire— The disturbance at the regional scale

e Higher in our mountainous sites and further east (RFE &Irkutsk)
* Highest logging sites in central Siberia had lowest fire
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e Logging — impacts the landscape scale

e Central Siberia over time
* RFE f or ¥ over time

e But: thisis logging as observed
by Landsat

Sources: Bergen et al. 2013; Loboda, Sun, et al. 20--.

Proportion of Total Area {%)

73

1

0

i s l:_'I.*II...-. JI

e > x> & I > s
& & 3 & ‘\\\. )
.«_'_,%\-0 ° G « < & o «o@
R &
& &€ B
< ¢t

Cut in Landsat"Case Study Sites

m 1975 1990 2000 2010


Presenter
Presentation Notes
When we scale the Y axis the same we see the demonstrably greater impact that fire has the potential to make on any given landscape. (upper charts).  With the exception of areas further west and less remote/mountainous (Krasnoyarsk and Tomsk) – here probably a combination of greater fire control and also higher logging makes logging somwhat more dominant during the study period.  Amur shows the potential for fire to consume vast areas.
Fire is better quantified with coarser large-swath, high temporal resolution sensors such as AVHRR and MODIS.

Logging – We see the impacts at the landscape scale. From Landsat we see in central Siberia logging has dropped since 1990 but still a significant disturbance – image analysis shows that logging is occurring in the remaining patches of mature dark coniferous forests.  Logging occurs as clearcuts.

But in the RFE we find some differences.  Logging observed by Landsat has actually increased somwhat in several sites since 1990.  Especially in the more northerly forested sites, not previously as highly logged.  However, must remember this is just logging as observed by Landsat.  Would no include selective logging.








Results: Regional patterns of harvest

e Central Siberia

— large or conglomerate patches
—> forest age and composition

A a— Set. 1989 .le 9, 1999
* RFE ’
Il \Water . I Mature Deciduous . < 40 km >
— sma | | patCh es + remova I Of key I Mature Conifer ] Short/Young Regeneration

[ Mature Mixed [—] Cut

species =2 forest species
diversity + habitat quality but
little patchiness observed

— Landsat resolution is
insufficient to map selective
harvest

— Roads added as logging Time series (~1970, 1990, 2000) of two logged
.. Leskhoz showing typical landscape patterns
proxies in RFE

Top: central Siberia (Tomsk)
Sources: Bergen et al. 2013. Bottom: RFE (Primorsky)
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Here are two typical examples from Leskhoz with active logging.  We see different patterns, implying different effects, and necessitating different remote sensing/mapping approaches.

We see the large and/or intensive patterns of clearcuts in central Siberia.  We know from change analysis that this is affecting the forest type and age structure of the landscape patches.

In the RFE, we see logging as scattered very small patches and in fact much logging is probably not seen at all (at least not directly) by Landsat.  In the RFE much of the effect is on forest diversity where key species are removed from mixed forest types, or on forest quality where forests are essentially high-graded.

We also have to conclude that Landsat alone does not observe all logging in the RFE due to selective harvest.  


Sources: Bergen et al., site reports; Loboda et al., site reports; Park 2013.
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Results: Regeneration/Succession

Central Siberia:

large increases in

deciduous (birch) forests

RFE:

— vary strongly due to topography +
climate/ecoregion = birch/aspen
vs. pine/larch

Conifer and Mixed Combined in Landsat Case Study Site
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In central Siberia there has been a trend towrads increasing deciduous composition of post disturbance landscapes – (deciduous = broadleaved birch/aspen early successional species). RFE sites tend to show more variation in regeneration. For a couple reasons – more topography means more zonal forests of different types, in some cases conifer regenerates (but not always). Much of fire is in remote more mountainous areas. With more selective harvest practice there are not large swaths of regenerating deciduous.  In more temperate Primorsky south – mixed forests consist of mixed broadleaved and conifer and there is little fire – so forests even though ‘disturbed’ stay ‘mixed’.



Results: Agriculture
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In central Siberia there has been a trend towrads increasing deciduous composition of post disturbance landscapes – (deciduous = broadleaved birch/aspen early successional species). RFE sites tend to show more variation in regeneration. For a couple reasons – more topography means more zonal forests of different types, in some cases conifer regenerates (but not always). Much of fire is in remote more mountainous areas. With more selective harvest practice there are not large swaths of regenerating deciduous.  In more temperate Primorsky south – mixed forests consist of mixed broadleaved and conifer and there is little fire – so forests even though ‘disturbed’ stay ‘mixed’.



e Urban: _——
AREA is stable over time but: m
Most Urban in ALL case sites are “Villages” 219
— Large scale abandonment and outward
migration
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Net Migration Russia (per 18
1000 persons)
Net Migration Study Region [Nk}

e Roads

-85

Results: Built-up areas

Primorsky Site (p112r28)
Urban Area 1975-2010

m 1975
= 1990
W 2000
| - H 2010
112 113 114
Small cities Towns Villages

-56 -21 8

A large amount of road building after ~1980 in RFE
e Almost all are forest roads class in Russia + multi-purpose roads in

Russia/China site

Total Kilometers of New Roads 1990-2010 Amur
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1990
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Most “urban” area in all of our sites is in the small ‘village’ category – hard to map from Landsat classification so we mapped it manually from a combination of topos and image interpretation. Although urban AREA mapped in our sites is pretty stable (see example from Primorsky, others also stable), this is not the entire picture.  Villages were frequently depopulated with inhabitants moving from villages to larger regional cities or to western Russia.

Roads – interestingly many new roads have been built at the same time populations dwindled. Also interesting is that most of the roads are in the ‘forest roads’ category (new roads that were classed as forest roads were offshoots from forest roads on topographic maps with forest road symbology, were found in forested/logged remote areas, and were very narrow/faint spectral signature compared to larger dirt/gravel or paved multi-purpose roads).



Synthesis 2: Regional MOD
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Objective 2: Reconstructing Forest Disturbances

Randomized sample of
Landsat stacks

MODIS data sets:
MCD43A4
Nadir BRDF adjusted
reflectance
MOD/MYD11A2
Land Surface Temperature

Source: Loboda 2013

Cloud/shadow/water
masking

LEDAPS-based Landsat
TM/ETM+ surface
reflectance

MODIS-based metrics :
yearly max, min,
mean of Jun, Jul, Aug
for surface reflectance Bands 1-6,
NDVI, NBR, daytime & nighttime
temperature)

Disturbance
Index

Sample

Decision-tree classifier

Past disturbance map
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It could be good to mention that we will be doing further work to use Landsat case sites as validation for the MODIS regional forest disturbance – I didn’t make a separate slide explaining that. Could be mentioned at the beginning or the end.




Stand age distribution year 2000
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Stand age distribution year 2000
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Stand age distribution year 2000
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16%

Total
Undisturbed
84%

350,000
Area of forests by stand age distribution (for year 2000)
300,000
250,000
200,000

150,000

Area km?

100,000

50,000

3 6 7 10 11 12 13 14 15 16
Stand age group

0

N



Stand age distribution

= [
—

T m—g et e

Stand Age

Il Unclassified | 11-15
B -2 I 6-10 N
B 21-27 B -5

0 305 610 1,220 1,830 2,440
‘ 16-20

- e seeeassss s Kilometers




Synthesis 3: Resource Flows &
Timber Trade

Forest & socio-
economic data
1975-2010

Synthesis 3:
Flow and trade
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Timber Production
1946-2012 by major
Russian federal district 5

Northwest

North Caucasus
Federal District
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o
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o

1946 1949 1952 1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012

—Northwestern —Siberian Volga (Privolzhsky) =——Far Eastern ----Central ----Urals — - Southern

Sources: Compiled by the authors based on data from IIASA (2007) and Russian Federation Federal Statistics Division (2013),
including the FIRA database (2013) and EMISS database (2013); Newell and Simeone, in press.
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This shows the context of the Far Eastern and Siberian okrugs in terms of timber production and their change in relative importance over time.



Major export markets for Russian forest
products, 1962—-2006

27

2
21
18 China —7
15

12

Million cubic meters of roundwood equivalent (RWE)

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

== China Finland = =Japan Estonia ——Sweden = =Republic of Korea - - - -Turkey Germany

Sources: Forest Products Trade Flow Database of the European Forest Institute
(EFI) 2009; Newell and Simeone, in press)
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Rise of China clearly evident!


.

Hotspots of forest harvest export to China

Southerly shift in harvest intensity within the

RFE in post-Soviet era
— I in Primorsky Krai and Khabarovsky Krai
— Jin northern RFE provinces
9

Major ecological impacts

 Both RFE and Central Siberian provinces are

strongly influenced by the Chinese market

Top four Russian

Provinces in 2011 | roundwood exports to China

Khabarovsk 33%
Irkutsk 22%
Primorsky 11%
Krasnoyarsk 10%

Source: Newell and Simeone, in press

Province proportion of total Russian

nnnnnnn

« Amgu

Dalneborsk Forests of the
‘"’\ Sikhote-Alin Range

RS / 1 \\7 By Newell /Sources: Glgbal Forest Watch Russia, 2002; ESRI, 2000.

Intact forests and protected
areas in Primorsky
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Brings these numbers (wood production /export) back to the setting in which they occurr – high value forests, endangered species…



Russian Wood Products Exports to China 2008
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Russian exports of timber and pulp and paper to China, 2008. Each circle represents export figures of a specific administrative region (e.g. Khabarovskiy, Primorskiy, Krasnoyarskiy, etc). This is tabulated according to the companies registered in that region, thus Moscow Oblast has higher export figures than what is actually harvested there. The seven federal districts (federalnyye okruga) are labeled. 


Integrative Synthesis Modeling

/ Forest & soclo-
economic data Synthesis 3:
1975-2010 B | Eiow and trade
l products
Langeat Classify Synthesis 1:
~1975- )
s’_tudy & central Slbe Design ~N REE Eorect
\3ites scenarios of Run RFE - composition &
\ | Validation |\ fiitiifé REE scellallas I structure under
( Apply \o - climate and EQEEIAST dllffer(int I
: o disturbance SLNELE LTS
MODIS ggggonbal :?g‘;?:sés 2.' | ‘\ / human and/or
2000-2010 " IS ur_ ance - egioga natural change
mapping LCLUC 1975- Ccanaring
algorithms 2010; RFE
— & central Sibefia

36



Objective 4: Integration of Stand age, Harvest, and future climate

Initialize UVAFME to “current age” UVAFME simulation
based on Past Disturbance map Apply local Current and future
_— Primorsky South Leskhozs e Primorsky North Leskhozs

parameters: climate
Fire probability
Harvest rates:

clear cut vs.
selective, and
species specific

e
e

e "'. 10) N ; AL
il | | “ll'lk;il}};- il

Output: Change in
Scenarios: Forest type by
Current conditions ,no harvest scenario
Current, harvest
Current, harvest and fire
Future, no harvest
Future, harvest X _ .
Future, harvest and fire et i g

Output: Detail Composition
and Biomass change
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Example of intended flow of inputs and outputs for our design.  

The two Landsat images in upper left show our modeling “Lesnichestva” for the Primorsky_north and Primorsky_south sites. We will also be modeling selected Lesnichestva in Sikhote and Amur sites.

These are Lesnichestva for which we are gathering more detailed forest type and forest age descriptions as well has timber harvest data from Russian inventory sources (not just Landsat).

These particular selected Lesnichestva were strategically selected as being important in the timber harvest business and in areas of diverse and important forests ecologically







University of Virginia Forest Model Enhanced

Yan, X. and Shugart, H.H. (2005) FAREAST: a forest gap model to simulate dynamics and
patterns of eastern Eurasian forests. Journal of Biogeography, 32:1641-1658.
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UVAFME is updated version of FAREAST.  Updated code and program structure.


Species distribution in current climate (without

disturbance in model)
UVAFME

Shuman et al (in review) CJFR

)
1
[ ]
[ K
B
| B
s

Pinus sibirica
Abies sibirica
Picea spp.
Larix spp.
Pinus sylvestris

UVAFME species defined as one
with greatest biomass per grid
cell after 500 years

UVAFME agrees with species
distribution and type from Isaev

(1990)

Kappa statistic low (0.23) due to
disturbance in observation map

Stand age and disturbance
important at local level
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When the species are restricted to the one with the greatest biomass at each grid cell, the forest extent as defined by UVAFME agrees with the species distribution and type as described in the recent observation-based inventory map of dominant species produced by Isaev (1990)


For each point, given data on climate and soil, UVAFME simulates the

growth, death and mortality of individual trees on a small plot to
assemble and produce change in a forest.
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Regional Climate and Climate Change scenarios
Species composition and age of forest is important for accurately assessing albedo change
Larix decidua potential mitigating species 
Connection to policy – albedo and mitigation




Response of mixed-age forest
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Presentation Notes
A1B climate causes loss of Larix species biomass replaced in part with deciduous species, but still overall reduction in total biomass compared to current climate


Response of mixed-age forest change in total
carbon (tC per hectare)
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After 95 years of climate from A1B (stabilization at double CO2) and A2 (no mitigation policy), there is a loss of carbon.  Total loss across region is not large enough to alter carbon cycle through biomass change alone.  These values do not account for release of carbon from soils or permafrost, and do not account for the albedo shift associated with species compostiion changes.


®)

Example of Estimated Biomass for selected case study sites
from UVAFME outputs combined with Landsat-based LCLUC

_____Tomsk | Krasnoyarsk | ___lrkutsk____

Area (%) Area- Area (%) Area- Area (%) Area-
weighted weighted weighted
Abiomass Abiomass Abiomass
Forest 4.82 -3.45 11.37 -4.98 3.98 -3.59
disturbance
Forest 15.25 +6.46 20.91 +11.35 9.00 +3.11
regrowth
Total +3.01 +6.37 -0.48
Constant 75.35 - 60.75 - 74.26 -
4.52 -0.34 6.97 +0.34 12.76 -1.87

e The total is the sum of A biomass between post-Soviet years 1990
and 2000 Disturbance and regrowth from Landsat analysis

Modified from Zhao, Bergen, Brown & Shugart 20009.
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Presentation Notes
Here we started with 1) Landsat land-cover classifications and 2) the outputs/curves from the aspatial FAREAST in terms of biomass values by age and forest composition.

Then we assigned average biomass values to each of our Landsat-derived land-cover classes (e.g. young regen, maturing deciduous, mixed, mature conifer). A biomass value was assigned to each pixel at two dates and the change in biomass calculated and mapped over the case study sites.
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