Siberia field trip - notes and actions

This is a summary of impressions from the field trip, incorporating contributions from the whole team. We have tried to pull together all the pertinent points from the interesting notes we were sent, but would like you to tell us if you think we’ve omitted something you would like mentioned. (We received a lot of material!). In a few places we’ve identified the source of a comment, especially when this indicates that they can provide further information. We have particularly tried to identify factors affecting the relevant radar data and actions for the team. Note that we have not produced a diary of the trip, but that would be a useful record. SCEOS are probably not the best group to do this. Is DLR in a position to give a brief note on where we were each day and the conditions in the area (action DLR)?

1. Land cover types and radar signatures

While traveling on the Trans-Siberia from Krasnoyarsk to Irkutsk, we were in the same biome (according to the map, the "pinus forests" biome of Western Siberian taiga, Angara taiga and lower parts of Sayan mountain taiga), hence encountered the same limited number of land cover types: agriculture, pasture, hayfield, bog, marshland, river and settlements. We saw only a restricted number of crop types (wheat was the dominant crop, with some potatoes near settlements), presumably because only a small range of crops is suited to Siberian conditions. 

The likely status of the different types of cover and their radar signatures at the dates of the available images is summarised. Note that better information on the crop calendar (especially harvesting and hay-making dates) would be helpful because of its effect on the observed values of backscatter and coherence (action IIASA?).

Wheat
23-24 September 97: guessed to be post-harvest bare fields with different roughness states due to tillage. ERS coherence is therefore expected to be high, ERS backscatter range from low (harvested fields) to high (ploughed fields), with level depending on soil moisture (rainfall). 

End May 98: probably bare fields prepared for seed beds and emergent vegetation. ERS backscatter fairly low.

End July 97: guessed to be fully grown. JERS backscatter is expected to be low (depending on soil moisture)

Pasture/ hayfields:

23-24 September 1997: low vegetation (pasture) or high and sparse (dielectrically speaking) for hayfields: high coherence, low to medium ERS backscatter (depending on soil moisture)

End May 98: low vegetation. ERS backscatter should be low

End July 97: low vegetation (pasture) to high vegetation (hayfields). JERS backscatter expected to be low

Wetlands and bogs:

Smooth surfaces, low vegetation : high coherence and low backscatter in both ERS & JERS for all dates.

Water:

Low coherence and variable ERS backscatter, fairly low JERS backscatter for inland water and rivers.

2. Forest composition and status
As noted above, we were in a single biome within central Siberia, where the forest is denser than in Northern areas, and did not really see regions with montane influences. Hence the impression of being in the same place could be understood. Since we moved West-East (although we also travelled south by about 4o in latitude) no transition zones were observed, except in some high relief areas. However, there are certainly changes in tree composition and forest coverage across Siberia in both the E—W and N—S directions (AH & JV). A tree species map of Siberia (1:2,500,000) could be made available if necessary (AH). Note that topography (altitude and aspect), climate and soil conditions etc. play important roles in influencing the status of the forest. DLR have requested more map information from IIASA (action IIASA).
The number of tree species in the forest is limited in the region we visited: pine (pinus sylvestris), spruce (abies sibirica), fir (picea abies), larch(larix sibirica), cedar (pinus sibirica), birch (betula pendula) and aspen (populus tremula). The clearcutting we saw was done in blocks (but Ust-Illimsk data show some clearcutting in strips). Fire seems to occur everywhere, and the regeneration after fire or clearcutting is mostly natural (there are few plantations). Hence the forest succession could be "understood", if topographic, edaphic, climatic, etc. conditions and the historical record of fire are known. (this is a way of interpreting the approach proposed by Slava to have different layers for forest classification). 

Two remarkable features are

· the species composition in most regenerating forest can differ from one "stand" to the next, sometimes separated by a narrow fire break, 

· the"regular" tree arrangement in many stands that look like forest plantations (for example, as seen from the boat on the Mana river). 

Nature seems to be a good forest manager.
In terms of backscatter and coherence, the effect of small changes in species composition within forest are expected to be negligible. We should therefore initially concentrate on stand volume (biomass later, when provided by IIASA). This is a key parameter needing analysis for classification purposes. 
3. Forest maps (ground data)

The quantity and quality of the forest data base, the amount of work it represents and the standardisation between different Forest Enterprises are remarkable. This adoption of a single standard contrasts sharply with the diversity in the Western Europe countries. It is clear that the database was designed for forest exploitation (or forest conservation in Baikal). 

Visiting the forests clarified the meaning of the database attributes, allowing full appreciation of the quality of the database. We need to understand the database and to select from it the necessary information, and should not require the database to adapt to our requirements. But to talk the same language (a debt of gratitude is due to Anatoly for translation of both Russian and Russian forestry languages; also to Michael for his efforts to clarify the interpretation of the database), we must recognise some important points:

· Stand does not mean a stand in our remote sensing jargon, but results from delineation by photointerpretation of aerial photographs with criteria including species composition, density, age, topography, soil type, undergrowth and others. We should therefore not expect to see clear stand boundaries on our radar images. 

Impact on our analysis: registration of images and database needs to be near perfect

· Age is not the stand age (e.g. of a plantation forest). It is the age of the dominant species in a stand. If you find a birch tree of 3m high in a stand of 100 years, it can mean you are on a bog, with bonsai-like trees, or you are in a stand of 10% of cedar of 100 years, while the birch may be young regrowth of only 10 years,

· The dominant species is not dominant in number, but in economic value: cedar is the highest value, then pine, whatever their percentage in the stand,

· The age class is different for different species: 70 years is overmature for deciduous, young for cedar and middle-age for the rest (unfortunately humans are like deciduous).

· The age/volume relationship depends on species and "site quality". Remember the small 30 year birch along the road near Baikal (where Slava broke his tool made in US)

Impact on our analysis: the age class of a stand is not a good indicator of its volume because of the four above reasons. But on average, for many mixed stands, age classes may reflect rough volume classes (cf. first results of Jiong Jiong). The correspondence between age and volume is however different in stands with dominant deciduous or dominant cedar.

· Relative Stocking is relative to the ideal stocking which is a function of site quality and can vary with the species composition and stand age (there were relative stocking values (SKAL) higher than 100%) This means that you need the local information (e.g. yield table) to understand what is meant physically.

Impact on our analysis: Relative Stocking (%) cannot be simply related to basal area, percent cover or number density. It cannot be used as an indicator of the proportion of ground seen by the radar (e.g., for the interpretation of coherence)
· Growing Stock Volume on a slope is expressed as m3 per unit projected area (on the map). 

Impact on our analysis: Volume should be divided by the cosine of the slope when relating it to coherence or backscatter.

Although the forest maps supplied by the Forest Enterprises reflect very well what we saw on the ground, we should bear in mind that there is a time gap between the map and the image data. A related point is that several studies (e.g., Sasan Saatchi’s paper presented at IGARSS 1999, Hamburg) indicate that errors may exist in stand volume and biomass data, depending on how the survey was carried out (Action ALL; what sources of information do we have on stand volume and biomass estimates?).

Impact on our analysis: Estimation of classification accuracies must take some account of the map inaccuracy; obvious examples we have seen are recently cut areas.

Some forest may not be included in the forest maps, because it is outside the areas managed by the Forest Enterprises.

.

4. Inferences from the field trip

On the field trip, we mainly tried to understand areas with high/low coherence. This is because 

1. JERS was not available for the sites we visited 

2. ERS backscatter exhibits low dynamic range for the dates of data acquisition (September and May). 

3. Temporal change of ERS backscatter between does not provide much information since: 

· there is little or no change in the physical conditions of the forest (e.g. due to frost or leaf on/leaf off); 

for new and old clear cut changes were only small perhaps because of similar wet understory conditions in May and September, 

· agricultural land was likely to be mainly bare soil, with some changes due to tillage and soil moisture. 

From the coherence data we made the following observations:

·  Low coherence was typical of higher biomass areas (forest) and water. 

·  High coherence implies low biomass

·  High to medium coherence was generally associated with low biomass areas, including areas of low vegetation, urban areas, wetlands and burnt areas.

5. Comments and exceptions

5.1 Normally forest (not burnt, not clearcut) cannot have high coherence. Possible exceptions: 

· deeply frozen forest 

· deciduous trees under leaf off conditions. 

It was stated (JV) that some deciduous stands show high coherence in September as there are few leaves left on the trees, but TLT did not think this likely (can I have feedback on this?) Information on when leaf-fall takes place in Siberia may be available, but needs to be investigated (JV, AH).

5.2 Burnt forest can have low coherence if there are high surviving trees (with leaves).

5.3 Some burnt areas have significant numbers of remaining trees (hence moderate to high biomass but few leaves) leading to high coherence caused by these static targets. 

5.4 Water bodies can have high coherence if frozen

5.5 Wetlands are likely to have low coherence if covered by water

5.6 Settlements can have low coherence if there are many trees and wooden roofs.

5.7 It is not clear why the unforested higher altitude regions give low coherence in the June Tandem images, but this could be associated with snow melt. (The treeline occurs at ~1800 m so a topographic map already tells us there is no forest without looking at the image. NB The treeline is also weather and aspect dependent)

5.8 The coherence of agricultural fields is very dependent on the growth stage. Some types of dense low vegetation, including grass, could have low coherence, and be confused with the forest areas (UW).

5.9 Low biomass implies high coherence?

The question of whether low biomass implies high coherence needs to be investigated using data from different testsites. Factors such as soil condition, water content, weather, etc. need to be considered. Two known situations where a low biomass area will have low coherence are if large weather changes or field activity take place between the Tandem acquisitions. In addition, slopes can give rise to low coherence in low biomass areas, as follows:

5.10 Slope effects on coherence

Slopes can cause large problems for classification. There are different views on the effect of slope on coherence:

a. it reduces coherence on both sides of the hill (UW);

b. coherence decreases on the facing slope but increases on the back-slope in homogeneous forest areas (YR, ref: Einar-Arne, SAR interferometry with ERS-1 in forested areas, Proceedings of IGARSS’95, 10-14 July 1995, Firenze, Italy, pp 202-204).

Coherence will also be reduced if slope causes misregistration. For accurate classification, the high relief areas therefore need to be masked out (see Actions). Backscatter intensity is also affected by slope.

Note that while all the converse examples above are possible, for our dataset they should remain statistically marginal, except for slope effects. Our data analysis needs to confirm this.

5.11 JERS availability (needs update: Action DLR and IIASA)
JERS availability is still not definite (but see CS note).

6. Actions 

in addition to those noted above (with responsible organisation(s) indicated)

6.1 Data and methodology transfer to SSC
Because of the project schedule, we need to identify which parts of the methodology are in a suitable state for transfer to SSC, while in parallel carrying out the cross-site data collection and analysis (SCEOS). 

6.2 Masking high relief areas
Areas of high relief present problems for classification and for registration between the GEC and ground truth data. For the time being, it is suggested that high relief areas be masked out by using the GTOPO30 DEM. Details of how to carry out this process at each site need to be defined (UWS). 

6.3 Non-forest information
It was agreed that non-forest information should be gathered from non-forest regions within the defined forest areas. (We are assuming that there will be no information outside these regions, including forest in the non-Forest Enterprise areas). However, the feasibility of doing so is site-dependent. For example, there are no official clear-cut areas in the Ulkanskii and Baikal areas and very limited non-forest areas at Bratsk .On the other hand, there are large non-forest areas at the Chunski test site. Further discussion and information on this is needed (Action: ALL).

6.4 Classes in the classification results

For the time being, the possible classes to be considered are (1) high biomass forest, (2) non-forest including low biomass forest, water, urban and agricultural areas. The possibility of including fire information needs to be considered (Comments from IIASA). JERS data may supply extra information on the class separability when it becomes available. 

6.5 Test sites
The total number of test sites and how they are assigned to each institution need to be clarified by IIASA and DLR. 

6.6 Central database for the classification approach (most important action involving ALL)


a. SAR data: Based on the ground and image database, for each polygon, calculate the mean and standard deviation of the following data (UWS can provide existing routines for gathering mean and SD automatically):



1. ERS intensity (all dates available)



2. JERS intensity (all dates available)



3. ERS coherence

Summary statistics for (1) and (2) are to calculated from the intensity data, but we suggest entering them in the database in dB form.

Information on frame, track, acquisition date and image data type need to be specified. 

There must be a concerted effort to look at the non-forest classes, and test site coordinators should assess and report on the possibility of doing this from their available ground data.


b. Ground data needed from each site:



1. polygon number



2. number of pixels (> 150 for statistical stability)



3. deciduous/coniferous % (from composition %? IIASA to confirm)



4. cover type (if non-forest)



5. slope indicator (possibly using GTOPO30: advice needed [UWS?])



6. stock volume



7. “strangeness” flag

Biomass will also be included when the data becomes available. UWS also suggest using biomass density components if these are made available.

Initially we will not supply pixel values for the selected stands, as originally suggested, because this would create a potentially serious problem for data handling. We will only carry out this step if it becomes clear we need to (in my view, unlikely).


c. Database formation and transfer


c.1 Data are to be entered in simple tab-delimited text which may be used as an input to a piece of code later; 



c.2 It is suggested that all the data are kept at the Siberia FTP site along with the image data, so that everyone can have access to them. 



c.3 Data has to be gathered and entered in a systematic way to avoid potential confusion in data interpretation and management. A template of the data format will be distributed, after further discussion with UWS. For example, it may look like:

Poly. No.

9

14

19

35

52

55

70

95

101

102
No. of pixels

223

240

281

466

177

283

161

253

171

155
Stock vol.

22

9

8

22

9

8

10

24

14

34
D/C %

...
Slope IND.

...
ERS-a

mean

0.1278

0.186

0.1522

0.188

0.1387

0.1414

0.1972

0.2109

0.2239

0.1462
ERS-a

SD

...
ERS-b, mean and sd
ERS-c

mean and sd
JERS-a

mean and sd
JERS-b

mean and sd
Ratio (ERS)
Ratio (JERS)
cohe
flag


c.4 The above text information will be used for further histogram generation and plots. Standard forms may be advisable for these, after discussion (ALL). Likely plots needed for each testsite are

·  mean backscatter vs. stock volume for all stands (intensity, 3 ERS, 2 JERS)

·  local mean coherence vs stock volume for all stands(ERS)

·  Ratio values for all stands 

From this information we can construct both overall summary plots and examine site differences.

The implications for classification will emerge from this database, with SCEOS having particular responsibility for making them explicit, but I’m sure everyone would wish to be involved.
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