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Input data sets for the sampling study

» Satellite image mosaic over Tanzania
» Hunting map over Tanzania, vegetetation types, roads, elc.
= DEM
= 11 District data from Tanzania, agregated dala
= District boundaries
» Field plot data from Finland
= Wall-to-wall volume predictions lo Tanzania

Background

» FAQ/NFMA team has assisted ies in

and maintaining forest itoring and
ysih 23 ies in the prog world-wide

» REDD/MRV and GHG reporting needs have bacome an
img of forest i i

» NAFOMRA, The National Forest Moniloring and
A is the first prehensi ionwide forest
inventory for Tanzania

A tailored approach was decided to be used instead of the
traditional FAO/NFMA design

= The purpose is to fulfill both forestry, REDD/MRV and
international reporting needs with reasonable costs

Qutputs of the sampling study

» Compari of ipling designs in terms of
the errors and costs

» Location of the NAFORMA field plots on a digital map
= Recommendations for Multi-source inventory

Landsat image mosaic for Tanzania

= Based on the GLS 2000 (Global Land Survey) data set
from USGS
= GLS 2000 was chosen instead of GLS 2005 because
= Better image quailty (less clouds, ETM+ sensor)
= Closer to GIS dala dales
= The changes after 2000 were considered less significant to
sampling design than the advantages above
» 59 images Landsal 7 ETMs images covering Tanzania
+ Downloaded from USGS to get all spectral channels
Three hazy images st with better I
Includes images from nearly all seasons from 1999 to 2002
Images transformed 1o UTM 36 South projection with
WGES84 dalum
+ Coarse cloud and cloud shadow mask made manually for
each image

FAO
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Mosaic of Landsat Images (Top Of Atmosphere)

Atmospheric correction of the images
» MODIS MOD 08 product used as reference
= Surface reflectance computed from images during eight

days
MODIS Aqua composite from 26.2.-5.3, 2003 was used
= The least coudy allernathve
= Similar correction was done for the Finnish images using
MODIS Agqua composite from 4.7.-8.7.2002
= A transformation from the digital numbers of each Landsat
image 1o the MODIS image was determined for Landsat
channels 1 -6
= The mean and standard deviation were maiched taking into
account the different resolutions of the materials
= The comection does force he image speciral
measurements from the different imaging conditions and
phenological state to same numeric scale
= Not physically corect but usable
» The final mesaic size 41800 columns by 43044 rows (21

gigabyte image)

Predicting volume of growing stock

Non-linear robust model for volume

» The parameters were estimated using Finnish data, top of
k il with I libration, and

non-linear estimation

» The final model afier the calibration with the 11 District
data is, see the next slide

vol = ¢+ expla + by + bands /bandg + by + bandz fbands) + ¢

where c=1.2146, a=15.943, §;=-29.3802 and §,=3.2762
* The model explained 75 % of the volume variation

= Other varial such as brig n
were also tested

Mosaic of Landsat Images (Top Of Atmosphere)

Mosaic of Atmospherically Corrected Landsat Images

Volume calibration
» The volumes were calibrated using 11 District data and a
linear calibration
» The fit after calibration




Predicted volume of growing stock Predicted volume of growing stock, Singida District

o

Predicted volume of growing stock, 10 km x 10 km Re-classified vegetation types based on Hunting map,
Singida District

Input data, distance to the nearest road, Singida Input data, DEM
District 5 n
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Input data, DEM, Singida District

Field plot
A concentric field plot in cluster designs, max radius 15 m was
selected on the basis of the earlier local tests

1) Within 2 m radius: al rees with
bt > 0 .cm will be recorded

2) Within 5 m radius; all irees with
dbh > 5 cm wil be recorded

3) Within 10 m radius; all irees with
sk > 10 cm will be recosded

4) Within 15 m radius; all trees with
dbh > 20 om will be recorded

Semivariances of predicted volume in strata 1-4
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Elements of a design

» Sample plot size and shape
= Spatial layout of the plols
+ Detached plots / plot clusters
+ Distances between the plols
+ Distances between possible clusters
» The solution is far from ftrivial and depends also on the
T in ion, area esti volume esti
estimate of rare events
» Praclical things musl be laken into consideralions, cosl,
1he measuremenl unit should be a work-load of one day for
a fiekd crew

Variogram and semivariance, tools to assess plot
distances

Variogram of a process Z, e.g., mean volume of the growing
stock

Wiz, y) = E (|2(z) — Z1)%)
7z, ) is called semivariogram.
A robust estimate for semivariance

(1/N(r) Ty lvi — w52

W) =—gom+ 0.08%/N (1)

A field plot cluster, with plot distances 1o be tested

A distance of 250 metres was confirmed with sampling studies

250-400m
[ L




Field plot clusters with basic starting distances

10-45 km

3 =i

i
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Walking distance and time, cont

Figure 3. The minimum Euclidean distance (810 m) from the
road to the closest field plot of a NFI cluster. The mean volume
of growing stock of multi-source NFI.
Moad 5 Tk ) 2

Pre-
VEGCODE stral | VEGNER DESCRIPTION / wegtype 3
G5 43 8 Grassland with o = 15
Gws 50 5 ‘Wooded Grassiand (Saasonally in- - -]
undated)
Gbs 51| 5 | Bushland Grassiand (Sessonally in- = =
undated)
Gos 52| 8 onm,erm (Seasonally inun = 15
cm 60| 3 | Mixed Cropping E—3 o
Ce a1 2 ion with Tree 8 23 20
Cicst) 62| 2 | Cutivation with Tree crops (with = 20
shade rees)
Che 63 | 5 | Cultivation with Bushy Crops =5 0
Che B4 8 | Cultivation with Herbacecus crops k-3 15
BSL T0 8 Bare Soll 0 10
sC Al 6 | Saltand Crusts 40 10
RO 72 8 Rock Cutcrops 40 10
ICE 73| 8 e cap - snow 200 10
Ocean a1 7 200 ]
[ 0 7 Inland VWater 200 o
SM 54 5 | Swamp/Marsh (Permanant) 100 15
Ua 80 8 Urban Areas including air Selds 10 10

Summary of components considered in time
calculations

Driving to a cluster from the lodgement (50 min)
Walking in the field {with GPS) to a cluster and along the
cluster, walking speed depending on the Hunting map
vegelation class

= M of a plot,

to Hunting map vegetation class
Daily pause: lunch break and 'other actions’ on field (60
min)

v

i time per plot according

v

Table 4. For systematic cluster samples of L-shape, following

walking speed and age plot

times were used, broken down fo 'Hunting map' vegetation

classes.

[ Pre- walk speed. | plot meas

VEGCODE srat | VEGNER DESCRIPTION /vegtype |  minkm. min
Fn T0 [ ¥ | Nafural Forest (] ]
Fm 1 1 Meangrove Forest 40 40
Fp )| Plantation Forest 20 40
Wu 23| 2 | Woodand {unspecified density) 30 30
We 20| 1 Clogad Woodand 30 30
Wo 21| 2 | OpenWoodimnd 30 30
Wee 22| 3 | Woodand with Scatisred Gropland 80 20
Bu 30| 3 | Bushland (Unspecified Density) 80 =
Bd 1 3 | Dense Bushland 30 ]
Bo 32| 4 | Open Bushland 15 25
BSc 3 | 4 | Bushland with Scatisred cropland 20 25
E(at) e 5 | Bushland with Emargent Trees 0 ]
Bt 35| 3 | Thicket 40 40
Bfet) k] 2 Thicke! with Emergent Treses 40 40
Gw 40 | 4 | Wooded Grassland 15 E
Gb 41 5 ‘Bushed Grassland 30 E-

LG 42] B | OpenGrasstand 18 L

Steps taken in determining error estimates

= Select a set of potential sampling designs
» For each design, simulate a large number of samples, e.g.,
1000, with different starting points on the velume and land

cover map
» Calculate estimates from each sample
» G the deviation of the esti itcan be

considered as a sampling error
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The parameters for which the errors were studied

a) Area of land classes (ha), grouped Hunling map strata 1-3
(‘forest’) 1-6 (wooded land)

b) Mean tree stem volume of growing stock (m*/ha), Hunting
strata 1-3 and 1-6

c) Total volume of growing stock (m®), Hunting strata 1-3 and
1-8

Double sampling for stratification

The selecled statistical framework was Double sampling
for stratification, see, e.g., Cochran (1977)
A dense grid of clusters were laid over using
equal distances of 5 km x 5 km between the clusters
Cluster level mean volumes were calculated per land
Cluster level cosis (limes) were calculated
* The clusters were classified into classes for the second
phase sample
The second phase is a sub-sample of the first phase
sample and will be measured in the field
Several class numbers and class intervals were tested
* In the selected classification, 4 volume classes and 3 cost
classes weara used
= The volume intervals wsing "cptimal
classification’ by Neyman, see Gochran (1877)

v

Tabie & The srficasion used b st phase chusiers, fha rumber of usters I the 1 [hase ssmpis and the

o (Wiewing) used n e

Strakim Wean  vol- | Median st phase | Sampling
ame of & | ume on | slope  of | clusters densty for
cluster land plots 2nd phase
min m'ha .

3 T-<AB0 027 [al] 080 i3

2 O-c480 27<-61 010 628 10

3 <480 61118 o0 254 B

4 0-<480 >118 o010 83 2

5, 480-<690 o-27 o110 oes2 12

8 480-<080 | 2T<B1 10 7282 12

7 AB0-<HS0 B8 o0 4149 Ll

8 480-c050 | >118 010 898 4

9. 960 027 010 2252 20

10 960- 2761 010 2188 17

11 960 Bl<118 010 2033 13

12 960- >118 010 673 5

13 0-=960 081 10<-20 74 7

14, ] =61 1020 T8 4

15 960 081 10e-20 165 13

16 960- >61 10<-20 508 5

17 (-3 o118 20 243 L]

18. 3 >118 >20 (2] 4

Examples of possible alternative sampling designs

1. NFMA design, a NFMA tract distance in both latitude and
longitude is one degree, and ils desitied versions

2. Systematic cluster designs with a plot distance of 250 m
aparl from each other
(no siratification)

3. Stratified cluster designs, the ¢ i and the
number of the plols per cluster vary by strata

Double sampling for stratification, cont
» The sampling intensities in different strala were selected
using optimal allocation and are proportional to the the
quantity (Cochran, 1977)

e
where
# fs within stratum standard deviation of the mean volume
of the growing stock on land on a dluster
« is the average costs (measurement) time of a cluster
 an exponent fo be determined to condrel the effect of the s
on the strata weights (intensities)
» The densities were adjusted to different total cost levels,
and are presented here for 1, 2.5 and 4 million US dollars
» The final estimates are based on measured variables from
1he second phase sample and area estimates of the sirala
based on the first phase sample

Double sampling for stratification, cont

» The cluster sizes and the rough land area estimates by
strata are
+ sirata 1-12, 10 plots, land area 83 mill, ha
+ sirala 13-16, 8 plots, land area 4.6 mill. ha
» sirala 17-18 & plots, land area 0.5 mill, ha

= Tha error esti and plot bars are p i for
three levels of total costs, as given above, 1, 2.5and 4
million US Dollars

» The rough areas of 1-6 and 1-3 classes are 77.4 and 49.8
miliion hectares and the volumes 4 and 3 billion m*
= The result are presented also for Singida District
* The rough areas of 1-6 and 1-3 classes are 1.9 and 1.2
million hectares and the volumes 102 and 74 million m*



The number of the plots on land, on wooded land, on forest
land’, total costs and variation of coefficients (cv)
(100*error/estimate) for four different designs for entire

Tanzania,
WA USD | 25 Wil USD |4 Wl USD
" Fiots on land REL NS SIEET “BEESE
Plots on 16 11638 29085 47133
[Plots on 13 7 805 19472 31704
Crew days 28517 6250 10189
ng-{usol 1008848 | 2503800 | 4075421
«Area 16 orr 044 o3
Aroa 13 188 118 a8
“Maan vol 1-8 089 0.80 048
~Mean vol 1-3 154 085 069
Total vol 16 08 053 042
Total vol 1-3 1.8 112 (2]

The location of the plots in a stratified design, 33471
plots, about 3500 clusters

Aoy

Multi-source NAFORMA for Tanzania

» The objectives
= To be able to forest for
smaller than what is possible using field data only, i.e.,
District level

= All parameters are needed, satistics, wall-io-wall maps
» To make the NAFORMA more cost-efficient
» The feasibility of different remole material should be
k hly i i keeping in mind the needs, forest

management, REDD/MRV, elc.
+ In addition to medium resclution space-borne optical data
RS data and LIDAR, high or very high resclution RS
space-borne optical data could be competitive

The number of the plots on land, on wooded land, on ‘forest
land’, total costs and variation of coefficients (cv)
(100*error/estimate) for four different designs for Singida. The
designs correspond about 2 and 2.5 mill. USD for entire

Tanzania.

I TGOS0 |25 Ml USD |4 Wl Us0|
o on land =5 LrT} L 1d
Flotson 16 24 484 TS
Plots on 13 139 334 551
Crow days 50 107 168
Costs (USD) 10.828 42877 67,830
cv
-Aran 1-8 a8 ixn 329
-Area 1-3 1788 078 780
“Moan vol 16 788 a75 286
“Mean vol 1-3 1365 6.84 547

Total vol 16 832 X3 387
-Total wol 1-3 15.08 2.78 582

The location of the plots in a stratified design, Singida
District

The multi-source NAFORMA, cont
Output: small area eslimates and wall-to-wall maps

P——
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Take-Home messages and conclusions

1 The data and methods for p
Tanzania

2 Plan the forest inventery and monitoring system
thoroughly, including the roles of field data and remote
sensing data as well as field sampling design

3 Tailor the system for local conditions

4 Use internationally accepted, unique definitions to make

a pling design for

the

5 Witha gh and tailored [ ing, you can get much
more detailed and inf ion, and with reduced
costs p to the ion without [ g

Tt M o o M PR OB _ g i b oA T ]
A few References
* Tomppo, E., Gachwantner, Th., Lewrence, M., McRoberts, RE_ (Eds)
National Forest [nventories - Patihways for Common Reperting. 1st

Edition., 2010, XXV, 812 p. 10 illss. in color, Hardoover. Springer.
ISBN: 9T8-80-481-32532-4

+ Includes National Forest Inventories for over 40 countries,
covering more than 2.4 billion of the forests of the Glcbe,
{All major forest countries, Brazil, Canada, China, Russia,
USA, etc, plus about 30 Eurcpean countries
= The roles of NFls in GHG reporting is described for each
courtry
* Tomppo, E, Haakana, M., Katila, M. & Perdsaari, J, 2008, Multi-source
national forest imnventory - Methods and applications. Managing Forest
Ecosysteme 18. Springer. 374 p.

Take-Home messages and conclusions, cont

& A slatistically sound methed lo allocate more
measurements for areas with a high volume variation and
low measurement cost and vice-versa

7 The combination of field data and remole sensing data is
always efficient - field data ARE ALWAYS MANDATORY

& With a thorough planning, you can, and YOU MUST GET,
‘many birds by one stone’, examples are

information for forestry

information for REDD/WRY purposes

information for international reporting

This is always necessary, even more when the resource are

limited

We sinoaﬂ thank the Oﬁanlsars and Audience!





