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1. Background and objectives of the 2000 IOP 

The GAME study of the Siberian region started in 1996.  The patch scale and drainage measurements at Tiksi, facing the Arctic Ocean, and at Spasskaya, near Yakutsk, started in 1997, with preparatory activities in 1996.  A drainage study at a site near Tynda, in the southern part of the Taiga region, will start in 1999. 

By 1998, the basic heat/water exchange characteristics and accumulation of water and runoff for typical surfaces had been initially determined (Activity Report, 1998, 1999).  Seasonal variation in sensible and latent heat fluxes and the conditions responsible have also been determined.  The time has now come to build on the knowledge acquired during these years and gain a better understanding of the overall land system in this region.

One of the primary objectives of GAME is to clarify the atmosphere-land surface system over large areas, which are usually composed of complex land cover.  Such areas are not unique to the GAME region, and may occur anywhere inland.  However, the type, composition and degree of complexity of land differs.  These conditions determine a variety of interacting systems that depend on these characteristics.  The taiga forest that covers 70% of the area dominates the central Lena basin; the remainder is bare, open grassland and bodies of water.  The dominant forest species is larch, and there are few other types.  The density, height, and age of trees differ among forests.  These various differences are reflected as differences in the response of these surfaces to seasonal variation in atmospheric forcing.  The land surface complex typical of this region is composed not only of a unique land surface system but also a unique atmosphere-land surface interacting system, since heat/water transfer is a non-linear process.  Considering seasonal variation, snow cover in the winter plays an important role in the hydrological cycle and to a certain degree in energy transfer.  The influence of snow cover as water and as a high-albedo substance differs among the various land surfaces, affecting the progress of the seasonal response of the land surface system in this region.

The study proposed here can be cited as "Study of the seasonal evolution of water/energy dynamics in the forests that predominate in Siberia".  To clarify these processes, the following new measures will be undertaken in the year 2000: 

(1) The water/heat exchange work will be extended to different surfaces such as sparse forest, younger larch forest and grassland. 

(2) Aircraft will be used to measure the spatial distribution of sensible and vapor fluxes, and related surface parameters.

(3) A one-dimensional heat/water exchange model and a meso-scale atmospheric model will be tested against the spatial data of these various sites to check their performance and applicability.

(4) Processes related to lake-water storage in this region will de examined.
From these studies, we expect to answer the following questions:
(a) What variety of responses does the land surface in this region show? 

(b) What are the response characteristics of the Siberian land surface to seasonal variation in atmospheric forcing?

(c) Can existing land surface models simulate Siberian conditions?

  The region that we will investigate is a little north of the Yakutsk area connecting the Spasskaya Pad area and the Tungulu area, where alas are found.

2. Study Objectives

2.1.　Seasonal variation in the energy and water cycle of a typical land surface

Land surface conditions can be categorized by vegetation.  Forest is the most typical condition, and larch forests dominate.  The seasonal variation in the water and energy cycles in a larch forest was investigated during the first stage of GAME-Siberia.  Pine forests become dominant in dry soil conditions.  Birch forests exist on land where previous forest was destroyed, and birch will be transitional vegetation.  There is a lot of grassland on the right bank of the Lena River.  Larch and pine are the dominant forest species, and grassland is another typical surface.  Larch is deciduous, and pine is evergreen, and there are differences in plant physiology between these species.  These differences in plant physiology will strongly affect water and energy cycles.  We need to understand the characteristics of the water and energy cycles for each surface: larch forest, pine forest and grassland.  We were planning a similar observation system for the first stage, but the system was installed only in a larch forest.  Unfortunately, we could not get the data set for the water and energy cycles of other vegetation.

The data set obtained for the three typical surfaces will initially be evaluated by a big leaf model (for example the Penman-Monteith formula), since this model is used worldwide for many different forest types.  It will then be easier to clearly distinguish the characteristics of the water and energy cycles in Eastern Siberia from those in forests in other climate zones.  To understand the variation in the parameters in this model, not only hydro-meteorological data but also data sets on plant physiology (for example sap flow speed, resistance of stomata in a single leaf) and forest structure (for example LAI, gap proportions) etc. are needed.

The main objectives of the observations at the 1-D and patch scale are:

(1) To understand seasonal variation in the water and energy fluxes and water budget over the three typical land surfaces.

(2) To clarify the differences in the characteristics of the fluxes and the water balances among these three land surfaces.

(3) To clarify the relationships between the water and energy fluxes and environmental factors (soil moisture, thawing depth, meteorological conditions, forest structure and so on).

2.2 Estimation of regional water and energy fluxes and interaction between

      land surface processes and atmospheric conditions

The aggregation process of surface fluxes for momentum, sensible heat and latent heat is an important issue in meteorology and hydrology.  In order to clarify this process, the spatial distribution of the surface fluxes that usually originate from landscape patterns must be measured.  Aircraft observation is the most convenient method.  In addition, radiosonde observation is useful in determining the heights of the surface sublayer and mixed layer.  A combined approach, using data from surface flux stations, radiosonde and aircraft observations, is thought best to reveal the aggregation processes.  In eastern Siberia, there are not only various forest patches (composed of different species of trees) but also clearings, which might induce variation in friction and form drag, and consequently, in roughness length.

The objectives of the aircraft, radiosonde and tethered balloon observations are as follows:

(1) To measure the spatial distribution of surface fluxes for momentum, heat and carbon dioxide, using a high-response turbulence sensor (e.g., ultrasonic anemometer).
(2) To evaluate patch scale flux by comparing the fluxes measured over different types of vegetation with those derived from aircraft observation.

(3) To establish the scaling up methodology from patch scale to regional scale by using the flux distribution and profile data of wind speed, air temperature, and specific humidity.

(4) To analyze the stable isotopic ratio of hydrogen and oxygen at different altitudes, and to reveal the origins of water vapor.

To achieve the above objectives, observations will be carried out using the three platforms as follows:
(1) Aircraft observation

To obtain two-dimensional spatial distribution of surface fluxes at different heights.

To obtain profiles of temperature, humidity and carbon dioxide concentrations at heights of up to 4km above the ground.

To collect air samples for analysis of the stable isotopic ratio.

(2) Radiosonde observation

To obtain profiles of wind direction, wind speed, temperature, and humidity at heights up to 30km above the ground.
(3) Tethered balloon observation

To obtain profiles of wind direction, wind speed, temperature, and humidity at heights up to 500m above the ground.
To collect air samples to analyze the stable isotopic ratio.

2.3 Hydrological regime in alas and its inter-annual variability


An alas is a concave landform that is formed after forest has been cleared in an area where the ground has a high ice content.  It is a characteristic land feature in central Yakutia, especially on the right bank of the River Lena.  Although there have been many studies on the origin of alas, there has been insufficient hydrological study of their formation or of the inter-annual variation in their size/water-levels.  The stream network in this area is undeveloped and the runoff component is quite small.  Evaporation from the lake at the center of the alas may be the predominant output component in the local and the regional water cycle, as well as evapotranspiration from the forest canopy.  Inter-annual variation in alas water levels was preliminary examined by Russian hydrologists.  Their results showed a 10- to 11-year periodic fluctuation in water levels and a counter-relationship between water levels and precipitation.  It is important to understand the mechanisms of the periodic variation of the atmosphere-land surface system through a synoptic scale analysis of the atmosphere and analysis of the counter-relationship of the water balance in an alas basin.

An alas is a complex closed land surface system that shows an interesting local water/energy cycle, from the standpoint of a non-stationary land surface system.  The most important, but most difficult, task is to obtain the spatial distribution characteristics of the energy and water fluxes and evaluate their spatial average.

The main objectives of this study are as follows:

1. To clarify the difference in the surface energy balance between alas grassland and the forest floor, and to know the moisture and thermal regimes in the active layer on each site, reflecting the surface energy conditions.
2. To learn how the water balance components affect the seasonal and inter-annual variations in alas water levels.
3. To characterize the spatial distribution of one-dimensional energy and water fluxes over a complex land surface containing alas and forest, and to evaluate the spatial average of those fluxes.

2.4. Contribution of the 2000 IOP to model studies

2.4.1 One-dimensional and patch scale

      A one-dimensional model has been developed to calculate energy and water exchange between the atmosphere and the ground surface.  Diurnal and seasonal flux variation was estimated at an observation tower in a larch forest following measurements made prior to 1998.  The model will be adapted for the alas and pine forest sites during the 2000 IOP, and characteristics of the energy and water balances at each site will be clarified.  Further, the model itself will later be improved by incorporating the 2000 IOP data.  The one-dimensional model will be connected with a local circulation model (or meso model) to estimate the distribution of energy and water fluxes.  The results will be compared with fluxes observed at the towers and by aircraft observation, and the relationship between these fluxes will be studied.  If it is difficult to connect with the local circulation model, we intend to study using objective analysis data as the input to the one-dimensional model.  Moreover, the effect of an alas and of grassland will be investigated by numerical experiments.
2.4.2 Regional scale


The purpose of the regional modeling study is to comprehensively understand landsurface-atmosphere interactions and energy and water cycles, including features of landsurface processes in cold regions.  The regional atmospheric model that will be used is the Regional Atmospheric Modeling System developed at the Colorado State University (CSU-RAMS) and modified at the National Institute for Environmental Studies (NIES).  The aim is to consider the entire Lena basin.  IOP in 2000 will include the following:
- The use of observational data to validate and improve the model: The results of two-dimensional aircraft flux observation will be compared with the simulated results of the regional model.  Existing and enhanced radiosonde observation data will be used to validate the model's vertical atmospheric profiles or to provide the initial condition.  Tower measurement data will also be useful in validating temporal variations at nearby grid points. 

- Numerical experiments to understand regional land-atmosphere interactions: continuous data in space and time is obtained by numerical experiments using the regional model.  It is useful to an understanding of the processes, as a complement to the discontinuous observational data.  The themes that will be focused on in relation to IOP in 2000 include: 

   * Interaction between the horizontal distribution of surface evaporation and precipitation in summer. 

   * The budget of water vapor that is evaporated from snowmelt water in spring, including the possibility of precipitation recycling. 


On the basis of these results, points that are at issue in land surface modeling in the entire Lena basin will be examined.  The land surface scheme, including river routing, will then be improved and introduced in the regional model.
3. Field campaign in 2000

3.1. Outline

In accordance with the objectives set out in Section 2, the main field campaign is being carried out in the middle reaches of the R. Lena, as shown in Figure 1.  A schematic diagram of the 2000 IOP is shown in Figures 2 and 3.

・Observation system to understand fluxes at the 1-D and patch scales

Two PBL towers and one mast are used to investigate the process in the 1-D and patch scale cycle.  One tower is installed in a larch forest and the other in a pine forest on the left bank.  The mast is installed in alas grassland on the right bank.  The tower in the larch forest has been operating since 1996.  Each system includes soil moisture and ground temperature observations to measure the seasonal variation of energy and water fluxes over typical land surfaces.

In the alas, another system is installed in order to understand the characteristics of fluxes for a complex land surface.  This system has the fixed mast mentioned above, a flux tower located in surrounding forest and a mobile observation mast in the grassland.  This system will investigate the spatial and temporal distributions, and the effects of the forest on the heat flux in the grassland.
・Observation of the spatial and temporal variation of fluxes and the regional flux

Spatial variation is important in estimating the regional mean values of fluxes.  This observation is carried out from an aircraft.  Several flight routes across the R. Lena at different heights are selected.  The aircraft observation is carried out during two typical seasons.  One is between the thaw and the foliating season, and the other is in the mid-summer season.  In addition to the aircraft observation, radiosonde and tethered balloon observations are carried out to estimate the regional mean fluxes.  The data set obtained from a tethered balloon observation is used to estimate the mean fluxes over a complex land surface.

・ Observations for the alas hydrological system 
Pond and groundwater levels are measured at the same alas as mentioned above.  The observation tower for investigation of the water cycle system is installed in the surrounding forest.  Spatial and temporal distribution of soil moisture, soil temperature and thawing depth are measured along the line transecting the pond and the tower in the forest to investigate water flow in an alas ecosystem.

3.2. Observation plan at each observation scale

3.2.1. 1-D and/or patch scale process study

To understand the water and energy cycles over typical land surfaces, two PBL towers and one flux mast are installed in a larch forest, a pine forest and grassland, respectively. 

The main objectives at this scale are:
(1) To understand the diurnal and seasonal variation in the water, energy and CO2 fluxes over several typical land surfaces.

(2) To clarify the differences in the characteristics of the fluxes between the typical land surfaces.

(3) To estimate the seasonal and annual water balances in the typical landscapes and reveal the differences between them.

(4) To understand the relationships of the characteristics of the water, energy and CO2 fluxes and environmental factors (meteorological conditions, soil moisture, thawing depth, plant physiology and so on).

The fieldwork will be carried out mainly at the following three stations.

· Larch forest site

This site has been in operation since 1996.  A schematic diagram of the observation system in the forest sites is shown in Figure 4.  The average stand height is 18 m, stand density is 880 trees/ha.  The values of the Plant Area Index (PAI includes not only leaves but also stems and branches) in the foliated and leafless seasons are about 3.7 and 1.6, respectively.  Latent heat was not measured directly until 1999, so a direct measurement system for latent heat will be installed in the spring of 2000.

· Pine forest site

This station will be set up in the summer of 1999, and operation will begin in spring 2000.  There are differences in the forest structure between the pine forest and the larch forest sites.  Namely, the pine forest canopy structure is sparser than that of the larch forest site, although it is evergreen.  The stand height is also lower at this site.  Moreover, from preliminary observations, it is anticipated that soil moisture conditions will be drier and the thawing depth deeper at this site.  The observation system is basically the same as that installed at the larch forest site, shown in Figure 4.

· Grassland site

The dominant land surface on the left bank of the middle reaches of the R. Lena is forest.  On the other hand, there is a lot of grassland on the right bank of the river in this region.  Understanding the characteristics of the water, energy and CO2 fluxes is important in estimating the regional fluxes in the central part of the R. Lena.  This station will be set up in the summer of 1999, and operation will begin in spring 2000.  A schematic diagram of the observation system is shown in Figure 5.  The observation items are sensible, latent and CO2 fluxes, radiation components, wind speed at two levels, air temperature at two levels, water vapor at two levels, soil temperature profile, soil moisture profile and so on.  These elements are measured from an observation mast with a height of 2 m.
Expected data sets
(1) Diurnal and seasonal variations in meteorological elements and energy balance components over the three different landscapes.
(2) Diurnal and seasonal variations in the ground heat flow, soil temperature profile and soil moisture profile under the different landscapes.
(3) Diurnal and seasonal variations in the sensible heat, the latent heat and the carbon dioxide fluxes above the three landscapes.
(4) Seasonal variation in the physiological characteristics of forest stands.

Main discussion point

(1) The characteristics of water, energy and CO2 flux over three different land surfaces.
(2) The differences in the fluxes between the three landscapes.
(3) The differences between the three landscapes in the relationships of the characteristics of fluxes and environmental elements.
3.2.2. Flux observation over a complex land surface (on the right bank of the Lena River)

Observation system:

  The ideal size of the alas studied will be between 1x1 and 2x2 km2, considering the mobile observation of the energy fluxes in the alas and the fetch of the observation mast at the center of the grassland.  Because the predominant wind direction in this area is northwesterly or southeasterly, the position of each observation site in the alas needs to be aligned in this direction.

1. Meteorological tower observations in the forest adjacent to the alas.
2. Fixed mast observations at the center of the grassland, near the forest, and near the pond/lake.
3. Mobile observations of the turbulent heat flux, H2O/CO2 gas flux, and net radiation.
4. Other observations, such as measurement of groundwater levels, water sampling, and direct measurements of the water content of the soil.

These observations will be made intensively between April and June 2000, and also routinely between July and October.  The soil instruments will be set up and the forest tower will be constructed in August/September 1999.
Expected data set:

1. Seasonal variation of the meteorological elements and the heat balance components in the grassland.
2. Seasonal variation of the sensible heat flux at the forest canopy.
3. Time variation and spatial distribution of the soil temperature, soil moisture, and soil heat flux.
4. Spatial distribution of the sensible heat flux from pond/lake to forest.

Principal discussion points:

1. The total sensible heat flux from the alas.
2. Difference in the heat balance between alas and forest.
3. The spatial distribution of the heat fluxes and the advection effect.
4. Relationship between the spatial variability of heat fluxes and the soil thaw depth.

3.2.3. Observations for the hydrological regime in the alas and its inter-annual variability

  These observations will be made at the same site as the flux observation.  There are previous records of water levels for some alas, and they are suitable for hydrological observations.  However, one large alas is so close to the village that anthropogenic effects are not negligible, and another alas is too small to observe the spatial distribution of the heat fluxes.  An alas of 1x1 or 2x2 km2 would be adequate for both observations.  The observation system is shown in Figure 5.

Observation system:

1. Comparative observation of the surface energy balance between the alas grassland and its adjacent forest floor.
2. Observation of water level and temperature of the pond/lake.
3. Measurement of precipitation snows depth and soil thawing depth.
4. Daily measurements of the water levels of two other alas; manually at the large alas and automatically at the small alas.
These observations will be made intensively between April and June 2000 and then routinely from July to October.  The soil instruments will be set up in August/September, 1999.
Expected data set:

1. Seasonal variation of the heat fluxes of the grassland and forest floor.
2. Seasonal variation of water level and temperature for the pond/lake.
3. Spatial distribution of soil moisture and its seasonal variation.
Principal discussion points:

1. The differences in the thermal and hydrologic dynamics of the active layer between alas and forest.
2. The predominant component controlling the water level variation in the pond/lake. 

3. The mechanism of the periodic fluctuation of the water level.
3.2.4. Regional scale observations

(a) Aircraft observation

OBSERVATION METHOD

Aircraft

An Antonov-30 will be used for the aircraft observation.  The average speed of the aircraft will be 300 km/h, at a height of 1 km above the ground.  The maximum flight duration will be 4.5 hours.

Equipment

The following Russian devices will be used for observation from the aircraft:
global positioning system (GPS)

high-response 3-dimensional  anemometer (to measure wind speed fluctuation)

high-response temperature sensor (to measure temperature fluctuation)

high-response humidity sensor (to measure water vapor fluctuation)

soil moisture sensor

The following Japanese devices will be used for observation from the aircraft:
high-response H2O/CO2 gas analyzer  (to measure fluctuation in H2O/CO2 concentration)

spectrometer

video recording equipment
Air sampling will be carried out during the flight (non-scheduled).

Flight path
"Spasskaya Pad" should be included in the flight path, as surface fluxes over two different forest types will be observed.  One of the large alas fields, "Tungulu" (grass field) that are located on the right-hand side of the Lena River must be also included, because there are a number of alas field patches on the right hand side and they are thought to generate large differences in surface fluxes compared with to fluxes on the left-hand side of the river.  Bearing these points in mind, the flight path should be planned to generally follow three lines: one east-west, and two north-south (see Fig. 6).

Flight level

Each flight path should be at one of seven flight levels, at heights of 100 m, 200 m, 300 m, 500 m, 1000 m, 2000 m, and 4000 m.  Flights at 100 to 500 m will be used to evaluate the flux aggregation process.  Flights at the 1000 - 4000 m levels will be used to take air samples to measure the stable isotopic ratio of the water vapor.

Observation period and frequency

The flux distribution from the thaw until mid summer needs to be established.  Since the thaw starts about the middle of April, the duration of observations has been decided as follows:

- Aircraft rental period: April 17 to June 17, 1999

- Observation frequency: once per week

- Total intensive observation days: 9 days

- Time schedule: 4 hours in the morning and 4 hours during the afternoon

- Total flying time: 72 hours (9 days x 8 hours)

(b) Radiosonde observation

OBSERVATION METHOD

Radiosonde system

The following devices will be used for the radiosonde observation:
- VAISALA DigiCORA II MW15 (main system)

- RS80-15G (sensors)

Observation point

A grass field near Spasskaya Pad should be included as a radiosonde observation point.  It is recommended that at least three observation points are used to investigate the regional water vapor budget; e.g., over the center of Yakutsk, over Spasskaya Pad, and over the western or eastern part of Spasskaya Pad.

Height range

Dense profiles of wind speed, potential temperature and specific humidity are needed within the surface sublayer (up to around 100 m) and mixed layer (up to about 3000 m in daylight period).  The vertical interval of the profiles within each layer should be around 20 to 30 m, to measure the aggregation process of surface fluxes, 

Observation period and frequency

Intensive Observation Days (IODs) will coincide with the aircraft observation days.  During the IODs, 6 sensors will be launched to obtain the required profiles.

(c) Tethered balloon observation

OBSERVATION METHOD

Tethered balloon system

A system that we have developed will be used.

Observation point

A grass field near Spasskaya Pad should be included as a radiosonde observation point.

Equipment

The following devices will be used for the tethered balloon observations.

- temperature sensor (Pt100Ω)

- humidity sensor (capacitance humidity sensor)

- three-cup anemometer

- barometer

- air-sampling system

- data-logging system

Observation period and frequency

Intensive Observation Days (IODs) will coincide with the aircraft observation days.  During the IODs, there will be 5 ascents / descents made to derive profiles.

3.2.5. Observation of stable isotopic composition of water


The isotopic compositions of precipitation, surface water and atmospheric water vapor will be observed to analyze water circulation.  Two different surface conditions, a forest-dominated area and an alas site, will be compared.  These two areas are expected to have distinctive water and energy flux characteristics and also distinctive water isotope fluxes.  Water circulation at a local scale will therefore be investigated by comparing the isotopic composition of the water in these two areas.  The observation of water and energy fluxes will include the following: samples of atmospheric water vapor will be taken; the water vapor will be extracted from the air and oxygen, and hydrogen isotopic composition will be measured.  Carbon dioxide will also be sampled to analyze carbon and oxygen isotopic compositions, to gather information on the passage of carbon fluxes through the biosphere.  


Isotope data obtained will also be used to investigate water circulation on a global or continental scale by using the isotopes as a natural tracer of water. Data obtained from other regions such as the Tibetan plateau, Japan and Southeast Asia, will be compared with the results calculated for the regional models and the GCM of the water isotopes.  

Airborne sampling 

1) Aircraft sampling 

Air samples will be taken at heights of 200, 300, 500, 2000 and 4000 m over the two areas. 

2) Balloon sampling

Using a tethered balloon, air will also be sampled for 48 hours once a month at heights of 10, 20, 50, 100 and 300m at Spasskaya Pad and at the alas site.  Samples will be taken every 4 hours for all observations. 

3) Tower sampling

Vertical profiles and fluxes of water isotopes will also be obtained by tower sampling.  Diurnal and seasonal variation in the flux of water and carbon dioxide isotopes will be obtained.  

Surface water, soil waters and waters in plants

Surface water (in rivers, lakes, and alas), soil water and the water in plants will be sampled in two areas twice a month.  Water amounts and isotopes will be calculated to better understand the movement of water near the surface.

Precipitation

Sampling of precipitation will continue at Yakutsk and Tiksi.  Several additional sites for sampling precipitation will also be established. 
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