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1. INTRODUCTION

This Handbook seeg the purpose of guiding the afforestation activitie#hin the Dariali Energy
hydropower plant reforestation project. The reforestat project aims atompensating the CO
emissions of the construction of the Dariali Energgiropower plant. The CGequestration shall be
achieved by afforesting > 100 ha with native tree spean the Kazbegi district. Afforestations will be
done by fencing areas and planting seedlings grownnuaraery and by fencing areas where there is
a high potential for natural regeneration and letting netliforest succession take place. The, CO
sequestration potential of natural forest types in ti&zbegi district was assessed based on field
measurements. The timeframe for the achievement of thdl f{CQ compensation by the
afforestations has been set to 70 years. The forests shalustamably managed for the benefit of
the local population. The afforestation project also aiat creating jobs and promoting sustainable
forest management techniques in the Kazbegi distrigdfith the afforestation and monitoring
activities thefollowingknowledge will bgpromoted

X Knowledgeontree speciesspecific seedling production
Knowledgeon operating a nursery

x Silvicultural and forest management knowledgeplanning and implementingeforestation
measures (fencinglanting,weeding)

X Knowledgeon silvicultural monitoring

The suitable tree and shrub species for afforestatiare identified during fieldnvestigationsn the
region and from literature on the natural vegetationtbe Hich Caucasus. The recommended woody
plant species are Caucasian pifén(s kochianga Beech Eagus orientalls Caucasian oalQ(ercus
macrantherd, Mountain ash $orbus aucuparja Trautvetter's maple Acer trautvetter, Birch
(Betula litwinowi), Aspen Populus tremulg Willow (Salix carea, S. kazbekensis, S. kusne)zowii
Caucasian wild peaPyrus caucasi¢gaWild apple Malus orientaliy, Common barberryBerberis
vulgarig, Sea buckthornHippopha rhamnoide$, Juniper Juniperus communis var. depressa, J.
sabing, Stone goosberry Ribes biebersteinji Common briar Rosa caning Spirea $piraea
hypericifolig.The field surveyndicated that there is asignificanpotential for a natural regeneratn
dynamic, in particulaconsideringspecific site conditions, seed trees in the surrdimg area of the
planting sites and low grazing pressure. High naturgéneration potential exts for birch, willow
poplar, maple and sehuckthorn. This gives argat opportunityto combine natural and artificial
regenerationin a mixedmode reforestation Advantages to follow thseprocedures are:

positive influence orgenotypesmore treespecies (biodiversity)
harnessing sitespecific conditions (mirco sites,icro-climate)
reduction ofnatural risks for tree growth

reduction ofcosts

X X X X

In total about 30 % of the reforestation area have beetimated with high potential for natural
regeneration, if grazing pressure will be stoppeglant need of about 85.000plants (seedlings) in
total is calculated for artificial regeneration (refctation).

e ——————
1
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Table1: Planned reforestation area [ha] in total; definedhare [ha] of natural and artificial (planting) regeeration and
calculated plant need frame (in 1,000)

reforestation area regeneration methoc plant need
tree species [ha] natural [ha] artificial [ha] [number in Tsd.
birch, maple, willow, | 25,74 g0) 45/(40-50) 30 30 - 40
other tree species

poplar 2/(2-3) 1-2 2 2-3
seabuck thorn 4/(3-5) 1-2 4 4-5

pine 87/(80-90) 7/(5-10) 80 320 - 360

168 52 116 360 - 400

Figure 1: Natural regeneration dynamics oBetula litwinowii within polygon 188/4 (right part of the picture), Wwich
should beaugmentedby additional planting ofAcer, Sorbusnd Fagus Within the rockforest (polygon 188/6, left corner
of the picture) theBetulatrees are already higher, what is due to less brang damages in this steep terrain.
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Figure2: Natural regeneration dynamics ofillow, pine and birch vithin polygonl391.

. p— - -
Figure3: Mixed-mode reforestation for polygoril88/4 and 188/6;yellow: existing natural regeneration; red line: fence
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2. DETAILEREFORESTATIGNAN

2.1 Overview

As described in thénterim Reportin 52 sites are proposed for kgkstation activities. These sites
(also called polygons) are located is@vey region#n the Kazbegi distrigFigure4- Figurel4). The
selection of the proposed reforestation sites is basedeatersive field survey (site characteristics,
growth characteristics of observed forest types), literatuesearch on the native tree species and
their growth requirements, carbon sequestration potent@l the recommended forest types and
legal and social caiderations.

The time schedule for the afforestation activitieas to consider the seedling production options in
the nurseries and the availability and balanced demandbabbur. The proposed schedule for the
afforestation of the nine regions and the afforested ager year is given ihable2.

Table 2 Schedule for the afforestatiorof the different regions, annual area to be affortesd, and annual area to be
afforested including the area where naturaégeneration is anticipated.

Year Region Planting (ha) Planting + natural regeneratio (ha)
Year 1 (2016) 2 (153/1) 1-3 2-3
Year 2 (2017) 8 7-9 1011
Year 3 (2018) 1 16-18 2931
Year 4 (2019) 3+7 37-39 57-58
Year 5 (2020) 2 (141/4)+4+9 3943 4950
Yer 6 (2021) 5+6 1315 19-20
116/(113-127) 170/(166-173)

The polygons that are recommended for afforestation @hd recommended speciegroups per
polygon are giveMable3. TheBirch + Hardwoodjroup (B) encompasse8irch Betula litwinowi,
Beech Fagus orientalis Caucasian oalQUercus macrantheja Mountain ash $orbus aucuparja
Trautvetter's maple Acer trautvetter), Caucasian wild peaPyrus caucasig¢aWild apple Malus
orientali§. ThePopular + Willowgroup (W) includes AspenRopulus tremulpand different Willow
species (Salix carea, S. kazbekensis, S. kusnedzdwiiddition there iine (P) Caucasian pine
(Pinus kochiangmand Sea buckthorn(Hippopha rhamnoide$. For every plot theptimal share of
spedes is given iTabled. If the production of the hardwood species is to damling and if not all of
these species can be produced to the required ektee main species for planting will be birch and
pine. To support biodiversyt and naturalness of the plantations the utilisation aif least 10%
mixture/hardwood species is recommended for evetg.sBased on the findings dhe field survey
regarding site conditions, natural regeneration potahtiree specific plant density drspacingrable

3 gives an overview abouthe estimated plant need as a guideline for each reforastatarea
(polygon).For birch and hardwood species, poplar and willow, amdskeabuckthorn a planting
density d 1100 plants pelhectare was assumed. For pine a planting density of 4@l@ats per
hectare is suggested-or birch the estimated plant need was reduced W¢®dbecause natural
regeneration is expected to come. With existing natuegjeneration the planheed was reduced by
80%.For pine the estimated plant need was reduced5b896 if there is already natural pine
regeneration.It is important to understand that the calculated plamted per reforestation area is a
guideline, which should be adapted by findings dgthe detailed planning process.
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Table3: Estimated plant need per reforestation area (pglgn), Areatotal is the areaof a polygon (ha)Areaeffective is
the effective afforestation arealha), which is smaller due to already existing treedyrebs or due to surface rock areas
and Area reduced is the effective afforestation area mis the area where natural regeneratios anticipated (ha)

Number of plants

Year of Area  Area Area Birch + Popular + Pine(P) Sea
Polygon Region afforestation total effective reduced Hardwood(B) Willow (W) buckthorn
153/1 2 Yearl(2016) 3.7 3.3 2.9 700 0 9,300 0
303/10 8 Year 2 (2017) 1.6 1.6 1.6 0 0 6,300 0
303/4 8 Year 2 (2017) 9.5 8.1 6.5 2,700 0 16,400 0
303/8 8 Year 2(2017) 1.1 1.1 0.8 500 0 1,300 0
176/2 1 Year3(2018) 6.7 5.4 11 1,200 0 0 0
177/1 1 Year3(2018) 9.2 9.2 8.4 300 0 32,800 0
177/4 1 Year 3 (2018) 1.0 1.0 0.3 200 200 0 0
188/12 1 Year3(2018) 20.1 8.1 7.4 1,100 0 25,800 0
188/4 1 Year3(2018) 4.8 3.4 0.7 800 0 0 0
188/5 1 Year3(2018) 3.0 3.0 2.6 900 0 7,400 0
161/3.2 3 Year 4 (2019) 1.0 1.0 0.7 700 200 0 0
161/3.3 3 Year 4 (2019) 0.4 0.4 0.3 300 100 0 0
171/2 3 Year4(2019) 17.2 16.4 9.2 6,500 0 13,100 0
171/3 3 Year4(2019) 7.3 6.4 5.6 1,300 0 17,900 0
171/9 3 Year4(2019) 7.8 7.0 14 1,600 0 0 0
172/10 3 Year 4 (2019) 0.7 0.5 0.3 100 0 900 0
172/4 3 Year 4 (2019) 1.6 0.8 0.7 200 0 2,300 0
172/5 3 Year4(2019) 9.8 8.8 8.1 1,200 0 28,300 0
172/6 3 Year4(2019) 1.0 0.4 0.4 100 0 1,300 0
172/8 3 Year 4 (2019) 0.7 0.5 0.4 200 0 1,300 0
172/8.2 3 Year 4 (2019) 0.5 0.4 0.3 100 0 900 0
173/11 3 Year 4 (2019) 1.2 1.2 0.7 800 0 0 0
173/4 3 Year4(2019) 4.7 4.4 3.7 1,200 0 10,700 0
173/52 3 Year4(2019) 3.8 3.4 2.8 900 0 8,100 0
173/52.1 3 Year 4 (2019) 0.5 0.4 0.3 200 0 1,000 0
302/1 7 Year 4 (2019) 2.5 2.5 1.5 1,700 0 0 0
302/2 7 Year4(2019) 0.2 0.2 0.1 100 0 400 0
302/4 7 Year4(2019) 0.6 0.4 0.4 200 0 1,100 0
302/5 7 Year 4 (2019) 1.1 1.0 0.2 300 0 0 0
302/6 7 Year 4 (209) 1.2 1.1 0.8 500 0 1,700 0
141/4 2 Year5(2020) 30.5 25.9 24.5 3,300 0 75,600 2,900
129/1 4 Year5(2020) 8.1 5.3 2.8 700 0 8,600 0
139/2 4 Year5(2020) 25 1.9 0.8 300 700 0 0
151/1 4 Year 5 (2020) 0.9 0.8 0.7 200 0 2,300 0
151/2 4 Year5 (2020) 4.7 3.8 2.3 500 0 7,700 0
151/3 4 Year5(2020) 0.5 0.4 0.2 300 0 0 0
151/4 4 Year 5 (2020) 1.5 1.1 1.0 100 0 3,700 0
151/5 4 Year 5 (2020) 1.2 1.1 0.9 400 0 2,300 0
151/7 4 Year 5 (2020) 1.1 0.6 0.6 0 0 0 700
151/8 4 Year5(2020) 1.1 0.9 0.5 100 0 1,400 100
152/2 4 Year5(2020) 0.7 0.4 0.3 100 0 1,100 0
301/1 9 Year5(2020) 7.6 7.4 4.7 4,400 900 0 0
108/1 5 Year 6 (2021) 3.8 35 2.7 300 0 9,900 0
108/2 5 Year 6 (2021) 2.1 2.1 1.6 200 0 5,900 0
117/1 5 Year6(2021) 1.2 11 0.6 200 0 1,800 0
117/2 5 Year6(2021) 0.9 0.8 0.6 400 0 1,300 0
118/1 6 Year 6 (2021) 2.6 2.5 2.3 400 0 8,100 0
118/3 6 Year 6 (2021) 1.3 1.1 0.9 300 0 3,000 0
118/4 6 Year6(2021) 3.9 1.6 11 900 0 1,300 0
119/1 6 Year6(2021) 1.7 15 0.4 300 200 0 0
119/2 6 Year6 (2021) 1.8 1.7 1.6 300 0 5,500 0
119/3 6 Year 6 (2021) 3.9 1.6 1.4 300 0 5,000 0
119/4 6 Year 6 (2021) 2.7 2.0 1.8 300 0 6,300 0

211 170 124 40,200 2,300 329,800 3,700

Calculated need (+10 %): 44,200 2,500 362,800 4,100
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Table4Recommendedspecies for each polygon, given iane-tenth proportions; species codes are composed oetfirst
three letters of the genus and the first two lettex of the specific epithet.

Polygon Region| Pinko Quema Sorau Betli Poptr Acetr Sala Salsp Malor Pyrca Fagor Hiprh

176/2 1
177/1 1
177/4 1
188/12 1
188/4 1
188/5 1
141/4 2
153/1 2
161/3.2 3
161/3.3 3
171/2 3
171/3 3
171/9 3
172/10 3
172/4 3
172/5 3
172/6 3
172/8 3
172/8.2 3
173/11 3
173/4 3
173/52 3
173/52.1 3
129/1 4
139/2 4
151/1 4
151/2 4
151/3 4
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Forest sample plols
| Stepantaminda East
| water Pigeling

Gargell

Transk road

- Tedo
|| Tedoroad
| Arsha
: Sno
| Kanabi

——— Rivers

Figure4: GISmap, displaying the nine field survey regions withe single land cover polygons and the forest suyve
sample plots in the area of Stephantsminda.
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2.2Yearl

In the first year the production gdine Pinus kochiaa) seedlings from the seed material collected in
the region commences in a nursery near Thilisi anddperation of the nursery in Stepantsminda
starts. With the plant material that shall be availableantumn of the first yeaone year old
seedlingsy first, so called test plantation of-2 ha is proposedThe test plantationcan be split in
subareas andlifferent fence types can be testefr the subareasProposed fencing types are
electric fence, fence with smooth wire in five rowsr a similar typ which the people have
experience with), or mesh wire fencehd test plantation also serves the purpose of gaining
experience with the planting techniqu&lSmap, displaying the nine field survey regions vittle
single lanecover polygons and the foresurvey sample plots in the area of Stephantsminda.

Figure5: The potential afforestation area of map polygon 183 a steep slope at the lower area of the scr@ene of
Stepantsminda, situated above the power plant linejth visible areas where open erosion takes place
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Figure6: View at the area related to map polygon 153/1 froabove, it shows the open erosion areas there eveetter.
Also the course of the power plant line becomes vemgll visible from this perspective.

2.3Year 2

In year 2 the area of defined reforestation area closdtte village of Snow can be afforested. The
approximate area for planting trees is98ha. The total afforestation area is-1Q ha, including areas
with natural regeeration.
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_r_ud_- \cr”.aﬂs...n.slu.x "k.l.- vsl, Endlactinr v eyiikas, TSRS 192,
[ §'~' Sl Sorooplel W], e s g, sl e ARs

Figure7: GIS-mapof survey regionVIl|, displaying the field survey siteBom Sng and recommended fencingF1— F7)
B...Birch+Hardwood, P...Pine, W...Poplar+Willow, R...Neggeneration, circles....mixture species;

_d_l_._n R AR e 'tl.- s, Enuctonr Soogeiiiae, EEERREIIS 18,
5! oy, Sanaplel, B, AT S0 S5 A ERD

Figure 8: GIS-mapof survey regionVll|, displaying the field survey sites from Snandalternative recommended fencing
(FAL, FA2), B...Birch+Hardwood, P...Pine, W...Poplar+VRIlaMatural regeneration, circles....mixture species;

e ——
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2.4Year 3

In year 3 the area of defined reforestation area to tresEof Stepantsminda can be afforested. The
approximate area for planting trees 1§-20 ha. The total afforestation area is 30 ha, includingsre
with natural regeneration.

/},,_"'
&

Figure9: GIS-mapof survey regionl, displaying the field survey sites to the East $fepantsminda, and recommended
fencing(F1) B...Birch+Hardwood, P...Pine, W...Poplar+Willow, R.raNetgeneration, circles....mixture species;

e
11
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2.5Yeard

In year 4 the area ddefined reforestation area to the West of Gergeti andtie SouthEast of the
village of Arsha can be afforested. The approximate acgapfanting trees is 38 ha. The total
afforestation area is 57 ha, including areas with natoegleneration.

Figue 10: GIS-mapof survey regionlll, displaying the field survey siteis the area of Gergetiand recommended fencing
(F1, F2)B...Birch+Hardwood, P...Pine, W...Poplar+Willow, R.raNeggeneration, circles....mixture species;

12
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Figure 11: GIS-mapof survey region VII, displaying the field surveytes from Arsha (sites above the village)and
recommended fencing (F1, F2) B...Birch+Hardwood, P...Pine, W...Poplar+Willow, R.rdNattegeneration,
circles....mixture species;

2.6Year5

In year 5 the area of defined reforestation area along flipeline (141/4plong the transit road to
the North of Stepantsmindand the slope below the village of Kanatan be afforested. The
approximate area for planting trees is 39 ha. The totébraktation area is 53 ha, including areas
with natural regeneration.

13
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Figurel2: GIS-mapof survey region Il, displaying the field surveytes along the hydro power plant water pipelineand
recommended fencingF1) B...Birch+Hardwood, P...Pine, W...Poplar+Willow, R.taNadgeneration, circles....mixture
species;
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Figure 13. GIS-mapof survey regionlV, displaying the field survey siteslong the transit road to the North of
Stepantsminda and recommeded fencing (F1 — F3) B...Birch+Hardwood, P...Pine, W...Poplar+Willow, R...Natura
regeneration, circles....mixture species;

15
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Figure 14: GIS-mapof survey region IX, displaying the field surveytes from Kanobj B...Birch+Hardwood, P...Rine
W...Poplar+Willow, R...Natural regeneration, circlesixture species;

2.7Year 6
In year 6 the area of defined reforestation aroutite village of Tsdacan be afforested. The
approximate area for planting trees is 15 ha. The totébraktation area is 19 ha, including areas

with natural regeneration.

16
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Figure 15: GIS-mapof survey regionV, displaying the field survey sites from Tsdo (stebove the village) and
recommended fencing (F1, F2) B...Birch+Hardwood, P...Pine, W...Poplar+WilloR...Natural regeneration,
circles....mixture species;

Figure16: GIS-mapof survey regionVl, displaying the field survey siteBom Tsdo (sites close to the transit roadand
recommended fencing (F1 — F3) B...Birch+Hardwood, P.n®&i W...Poplar+Willow, R...Natural regeneration,
circles....mixture species;

e ——————
17
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3. DEVELOPMENT OF CARBJRRAGE POTENTIAL

The afforestation activities will lead to €€§equestration that will compensate for carbon enugs
of the hydropower plant constructionTable 5 and Figure 17 show an overview about the
development of the estimate@€Q storage potential (t CCha®) for the project period 2016 2021.
The CQ@storage potential is calculated for the future foresasds at an age of 600.

The fundamentals for generating the values ®éble 5 were formed by summarizing the
reforestation area (natural and artificial regeneration areasind the estimated CQ storage
potential of all planed location sitesTable6). CQ storage potential for each reforestation sites
(polygon) and per ha will be gl information for calculating the actual @&lorage potential after
successful reforestatiorséechapter9.3)

Table5: Reforestation area (ha) in total, artificial (plamg) areas (ha) per tree species and estimated,Grage
potential (t CQ ha'l) at an age of 670 years following the planné activities 2016- 2021

birch +

Reforestation area poplar+wollo pine seabuck CO2-storage potentia accumulated CO2-
Year hardwood .
[ha] [ha] w [ha] [ha] thorn [ha] [tCO2] storage potential
[tCO2]
Y- 2016 2 0 0 2 0 1100 1100
Y- 2017 11 7 0 3 0 3900 5000
Y-2018 31 16 0 16 0 12400 17400
Y-2019 57 32 0 25 0 20300 37700
Y-2020 50 23 1 22 3 18900 56600
Y-2021 19 7 0 12 0 7700 64300
Total 170 85 2 81 3 64300

Figurel7: Estimated and accumulated G@®torage potential (t C@ha’l) at an age of 6&0 years following the planned
activities 2016- 2021

18



Handbook REFORESTATION PROGRAMME

Table 6: Reforestation area (hajn total, artificial (planting) areas (ha) per trespecies and estimated GGstorage
potential (t CQ ha'l) at an age of 6€¥0 years for each polygon

Year site quality Polygon birch +

Reforestation area hardwood poplar+wollo pine seabuck CO2-storage potentia CO2-storage potenti
[ha] hal w [ha] [ha] thorn [ha] [tCO2] per ha [t CO2.ha-1]
2016 good test site 2,0 2,0 1100 550
2016 2 0 0 2 0o ' 1100 550
2017 good 303/10 1,6 0,0 0,0 1,6 0,0 853 550
303/4 8,1 6,5 0,0 1,6 0,0 2693 334
303/8 1,1 0,7 0,0 0,3 0,0 386 361
good 10,7 7,2 0,0 35 0,0 3932 368
2017 10,7 7.2 0,0 35 00 ' 3932,0 " 368,0
2018 good 176/2 54 54 0,0 0,0 0,0 1506 280
177/1 9,2 1,8 0,0 7,3 0,0 4539 496
177/4 1,0 0,9 0,1 0,0 0,0 299 298
188/4 4,8 4,8 0,0 0,0 0,0 1347 280
188/5 3,0 1,2 0,0 1,8 0,0 1345 442
good 23,4 14,1 0,1 9,1 0,0 9035 386
medium _ 188/12 8,1 1,6 0,0 6,4 0,0 3408 423
medium 8,1 1,6 0,0 6,4 0,0 3408 423
2018 31,4 15,7 0,1 15,6 0,0 12443 396
2019 bad 172/5 8,8 18 0,0 71 0,0 3085 350
172/6 0,4 0,1 0,0 0,3 0,0 138 350
bad 9,2 18 0,0 7.4 0,0 3223 350
good 161/3.2 1,0 0,9 0,1 0,0 0,0 304 298
161/3.3 0,4 0,4 0,0 0,0 0,0 121 298
171/2 16,4 9,8 0,0 6,5 0,0 6351 388
171/9 7,0 7,0 0,0 0,0 0,0 1956 280
172/10 0,5 0,3 0,0 0,2 0,0 210 388
173/11 1,2 1,2 0,0 0,0 0,0 328 280
302/1 2,5 2,5 0,0 0,0 0,0 694 280
302/2 0,2 0,1 0,0 0,1 0,0 67 442
302/4 0,4 0,2 0,0 0,3 0,0 192 442
302/5 1,0 1,0 0,0 0,0 0,0 276 280
good 30,5 23,3 0,1 7,1 0,0 10499 344
medium  171/3 6,4 1,9 0,0 4,5 0,0 2537 397
172/4 0,8 0,2 0,0 0,6 0,0 317 397
172/8 0,5 0,2 0,0 0,3 0,0 193 371
172/8.2 0,4 0,1 0,0 0,2 0,0 139 371
173/4 4,4 1,8 0,0 2,7 0,0 1641 371
173/52 34 1,3 0,0 2,0 0,0 1245 371
173/52.1 0,4 0,2 0,0 0,2 0,0 142 371
302/6 11 0,6 0,0 0,4 0,0 337 319
meduim 17,3 6,4 0,0 10,9 0,0 6552 379
2019 57,1 31,5 0,1 25,4 0,0 20274 355
2020 bad 151/7 0,6 0,0 0,0 0,0 0,6 2 3
151/8 0,9 0,1 0,0 0,7 0,1 286 335
bad 14 0,1 0,0 0,7 0,7 287 198
good 129/1 53 3,7 0,0 1,6 0,0 1897 361
141/4 25,9 7,8 0,0 15,5 2,6 10742 415
151/2 4,2 2,1 0,0 2,1 0,0 1740 415
151/3 0,4 0,4 0,0 0,0 0,0 103 280
151/5 1,1 0,6 0,0 0,6 0,0 473 415
3011 7,4 6,6 0,7 0,0 0,0 2196 298
good 44,2 21,1 0,7 19,8 2,6 17151 388
medium  139/2 1,9 1,3 0,6 0,0 0,0 516 268
151/1 0,8 0,2 0,0 0,6 0,0 312 397
151/4 1,1 0,2 0,0 0,9 0,0 478 423
152/2 0,4 0,1 0,0 0,3 0,0 149 397
medium 4,2 1,9 0,6 1,7 0,0 1456 345
2020 49,9 23,1 1,3 22,2 3,3 18894 379
2021 bad 118/4 1,6 1,2 0,0 0,3 0,0 312 200
119/3 1,6 0,3 0,0 1,2 0,0 543 350
bad 31 1,6 0,0 1,6 0,0 855 275
good 108/1 35 1,1 0,0 2,5 0,0 1655 469
108/2 2,1 0,6 0,0 15 0,0 975 469
117/1 11 0,6 0,0 0,4 0,0 418 388
119/1 15 1,3 0,1 0,0 0,0 438 298
good 8,2 3,7 0,1 4,4 0,0 3487 427
medium  117/2 0,8 0,5 0,0 0,3 0,0 256 319
118/1 25 0,5 0,0 2,0 0,0 1058 423
118/3 11 0,3 0,0 0,7 0,0 424 397
119/2 1,7 0,3 0,0 1,4 0,0 724 423
119/4 2,0 0,4 0,0 1,6 0,0 830 423
meduim 8,0 2,0 0,0 6,0 0,0 3293 409
2021 19,3 7,2 0,1 11,9 0,0 7635 395
2016-2021 total 170 85 2 81 8 64279 377
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4. SEEDLINGARRODUCTION

4.1 Seedling production

In general for seed collection following steps arggested

x Gather informatioraboutregulatory frameworKor seed collection
Hirea person, who has expert knowledge about seed cobecti

x Contact acompany (‘kiln’) which has experience with seed collection and segtiaction
and storage of seeds for technicalvice

4.1.1. Pine

Seed collection and treatment

{ Consider the regulatory framewotor seed collectionSearch for a person, who has
expert knowledge about seed collection

{ Contact a kiln for technical advice, where you can slogerational experience in seed
callection, seed extraction as well as in storage of sdfed pine.

{ Select 2- 3 natural pine standsfagood quality (age >50 years, e.g. natural pine forest
stands near the Russian border; nalpine stands near river Tergi)

{ Ask the owner of the pine ahds for permission to collect cones

{ Select 2680 trees per stand for cone collection (core? years old)

{ Collect and store the cones in wide meshed jo#g under coo{shade) anekfficient self

ventilated conditions

1 kg of good quality seed materighaild be enough to producd0,000- 50,000 pine
seedlingsbut this calculation have to be adapted to local expeces.

20
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Figurel8: Seed extraction (pine cones) &EPL National Forestry Nursery

Figurel9: Starting seed extraction (pine cones) at LEPLitv&tl Forestry Nursery

21
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Seedling production

It is recommended to produc-years barerooted seedlings of pine with a satisfying
shoot/root ratio. This defined quality should be ensdrby aseed beddensity of 80 trees
per square meter (80 trees per m?; @82 pertree).Drill sowing(spacing of rows 25 cm; 20
seeds per linear eter) should be usedrhis spacing allows &fficient weed control.

Testing seed quality needs to be done before sowiagidparameters are the germination
% E VvS ~P Eu]v S]}v % E vS H 61R]IC HKEIBZS *+U 0¥S %od X9
seeds expected). Seed analysis can be ordered frgiomal laboratories (e.g. university).
Sowingis donein spring or in autumn afteseed bedoreparation. In generglautumnsowing
will produce better developed-§ear seedling but precautionso minimize oveiwinter loss
causedby birds and small mammals and freezitaye to be taken

Crucial for the germination success is a thiretayf substratg0.8 cm), in particular anixed
sandpeat substrate.

Theseed bedneeds to be protected against damage by frost, heawyfadl, radiation but
also against birds. Therefore a removable shelter hasetastalled, which covers the seed
bed at a level of 3é&60cm above ground (no side walls!; sedntilation!). We recommend
greenhouse shade nets (level 70%). Alternatively, neets are recommended. The shelter
should be periodically opened for regular managemenhefseed bed.

Figure20: Drill sowing

22
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Figure21: Seed covered with foils and air slots

Figure22: Seed under reed mats
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4.1.2. Poplarand willow

Seed collection and treatment

{ Collecting fruit capsulesiithe period between May and June. Caution!: never
collect before pappus of the seeds appears at the ldsmtkins!
{ Afterwards store fruit capsules at room temperature (nimedt sunlight!) until

capsules open. Clean seeds from pappus (seed cotfdrg.use of any vacuum
suction device is helpful.

{ Poplar: seeds of poplar species must be dried for tays (room temperature
20°G30°C; air ventilation, diffused light) for reducing retaire content to 4 or 5
percent. Storage in vacuum packed (sealed) polyethylbags is possible at
temperature between 10Cand 20Cin a dark room for 3 to 5 years.

{ Willow: same procedure as for poplars.

{ Caution! Seeds of certain willow species have a short lifeetohfew days. In this
case, sowing is recommended to be carried out immedifaafter harvest. But
alpine and arctic willow species (als&alix petandra show natural seed
dormancy and will germinate one year after harvest. Seefdthesespecies need
pre-treatment (cold-wet-stratification) before seeding.

Seedlhg production

It is recommended to sowhe cleaned seeslon rolled seed bed antb press the seed by

irrigation into the ground. Preconditions for germaition are suitable soil moisture and sun
light! Thus seed bed should be covered by a smalhélhouseor some plastic mulch

(transparent membrane /foil) until germination (appearc of first seedlings) beginning of
July.

Spacing: Broadcast seeding recommended.

Cuttings

Hardwood cuttings

Poplar and willovhardwood cuttings should be collected from vital and healthy tredsle
they are dormant in the late wintawsr early spring before the bud break

Cuttings should be taken from the ends of the brancfpesvious summers' growth) arehn
be 7.5cm to 1.0 mete long, depending on thandividualtree and thegrowth conditions
during the lastyear. Cuttingsthen are cut into smaller cuttings whickhould be
approximately 1%m to 25cm long and should include at least fdarfive buds.
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If the cuttings are taken in early winter, they must kered in sealedplastic bags and
placed in a snowbank on the north side of a buildimgil they can beplanted in spring.
Another method is to store them in a cooler, at beldmezing temperaturesThe best
method isto harvest the cuttingsapproximately aveek before he bud break occurs the
cuttings should be placeth a plastic bag and keph the refrigerator at 5.0°C until the
ground thaws and the cuttings can be planted. If thatings are collected directly before
the planting, they can b@ut into the fridge ina loose fastic bag until the planting, or
placed into water for a day, but no longefThe sticksshould not yetstart to grow roots,
whichwould beveryfragileand wouldbreak off wherthe cutting is pushed into soil

Figure23: Having plantedan unrooted cuttings in winter, this photograph showthe amount of growth one can expect in
early gring.

Softwood Cuttings

Only for propagation of alpine willows!!!

Softwood cuttingsof willow can be done in June or Judy as soon as there is sufent new
growth (about 13 cm).

Softwood cutting (1520cm long) from sexally maturetrees are taken when shoots begin
to become woodyThelower leavesare removed, leaving-2 leaves at the tipThe cutting is
dipped into rooting hormonebefore rooted insubstrate such as sand or perliteThe
moisture ofthe substrateneeds to be controlledWhenthe softwood cuttings areaoted,
they should be planted in potabout 1-2monthsbefore transplantinghem irto the field.
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4.1.3. Birch
Seed colletion and treatment

Collect the catkins during July /August before catkipen (colour: yellowbrownish). Cut off
branches with catkins, if necessary. Store the catkiresdry and cool room fgrost-ripening
(2-3 weeks). Turn and mix the catkins32times a week until the catkins decompose.
Crumble the catkins by hand, if necessary. The Wegds should reach a moisture content
between 4 and 5 percent after this procedure. The migtout of seeds and catkin pieces
should be cleaned from big twig piecleg hand.Store the ready mixture in vacuum packed
(sealed) polyethylene bags at temperature betweeé @nd-6°C in a dark room for 3to 5
years.

Seedlings per kg seed about T®0— 30,000 (germination percentage 285 %)

Seedling production

There argwo options for seedling production:

A) Immediate seeding
B) Seeding the following spring time

Ad A) Sowing the seeds as soon as possible afteis¢leel harvest. Seedbed should be
covered by a very thin substrate layer (1.5 to 3 mmol),the seed bed and keepmoist.

Ad B) Seeding the seeds from storage without stratificatbeginning of May. Cover
seedbedwith a thin substrate layer (3:3mm) as described above, rohd seedbed and
keep it moist. (ldrvest: up to 3000—-500,000 seedlings per kg seeds)

Smacing: Broadcast seeding recommendedkd seeds per 5200 square meters!

Shelter: Thus seed bed should be covered by a smatelhouse or some plastic mulch
(transparent membrane /foil) until germination (appearanaf first seedlings). Later onsel
a removable sélter, which covers the seed et a level of 3%0cm abae ground (no side
walls!; selfventilation!). We recommend greenhouse shade netvdl 70%). Alternatively,
reed mats are recommended. The shelter should be qoically opened forreguar
management of the seed bed.

Cuttings

Softwood Cuttings

1520 cm long cuttings from young branches are taken nviskoots begin to become
woody, remove the lower leaves, leavingl2eaves at the tip and dip into rooting hormone
before rooted in medi such as sand or perlite and keep special attentitothe moisture of
media. Rooted should be planted in pots feRrhonth before transplanting to field. Rooted
cuttings also can be an effective propagation methodseabuckthorn.
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4.1.4. Seabuckthorn
Seed ollection andtreatment

Collect seeds in September / October. A) Pick thewcty from the bush or B) cut off twigs
with fruits, freeze in a freezerd0°C) for 24 hours andfterwardsshake the twigs in order to
getthe fruits off the twigs.

Postripening / cleaning: water bath for-2 weeks: change watefrom time to time, in
particular if fermentation starts (foam). Use runningter as well as a suitable sieve for
cleaning seeds from the fleshy part of the fruit. Eing clean seeds for-2 weeks in aool,
dry (air circulation) and dark (!) roorBtore the seeds in a jar at temperature betweéC0O
and-6°C in a dark room for up to 3 to 5 yeak®ng term storage affects seed viability, up to
60 % after 4-5 years.

Seedling production

Preparation: Sirt seed stratification in February. Do stratification foto 3 months; sowing
the seeds in May (optimal temperature for germination tt820 ° C), sowing the seeds,
covered 1 to 2 mm with sand. Germination procesgist [depending!Seeds should statb
germinate within 5- 10 days, based on the condition of the seeds and tecies of sea
buckthorn. Protection against seed predators (bimismmalg is necessary!

Seabuckthorn seeds can also be seeded indoors in pot¥anuary or early February, one
seedling per pot is allowed to grow for 3 months beforansplanting them into the field in
early May.

Seed chaaderistics: 1kg of fruits gives up to 4500 grains.kf of seeds has §800-80,000
grains.

Cuttings

Hardwood cuttings

Cuttings should be dsen in Jan-Feb. from healthy, well developed plants in fruitirigge,
so the sex can be determined.

Cuttings (18220 cm long) should be taken from the previous yegrewth during dormancy
in the early spring / late winter. Bundles of cuggare soaked in water (room temperature
and changed once a day) and covering 2/3 of theiglk until the beginning of formation of
roots. Cuttings should be treated with rooting hormoruttings can be transplanted when
the roots are 12 cm long, directly to théeld with films.
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Figure 6: Where to place the cuts for hardwood ciui.

Figure 7: Where to place the cuts in softwood cu).

Softwood cutting

15-20 cm long cuttings from sexually mature trees are takeghen shoots begin to become
woody, remove the lower leaves, leavingl2eaves at the tip and dip into rooting hormone
before rooted in media such as sand or perlite &eep special attention to the moisture of
the media.

Once being rooted, they should be cultivated in pots I months before tansplanting
them to the field.

Root cutting
Rookd cuttings also can be an effective propagation methadsieabuckthorn.
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5. NURSERY PLANNGANDMANAGEMENT

5.1 General conditions for a tree seedling nursery

Selection of suitable site for nursery establishmédecisive for the success in growing
high-quality bareroot seedlings.

Recommended site requirements are:
X a moderate local climate (high risks are caused by dibagcoldness)
X suitable and manageable soils (good nutrient availghilijood texture;preferably
sandy soils)
easy and sustainable access to water supply
no harmful residual effects dbrmerland use
moderate slopes (< 3 % slope) or adequate conditfongerracing
easy access to efficient transportation
southwest exposition

X X X X X

In case ofess favarable conditions, action has to be taken in order to gate negative
factors. In case of windroblems, as for instance, wind protection shelterg(ehedgerows)
needs to be planned and established in a proper way.

5.2 Nursery aregolanning

Forthe planned production of 320.000 pineedlings and about 40.000 cuttingsksalings of
deciduous tree species (birch, willow, poplar and-sadthorn) the land requirementis up

to 8.500 nf. Once selected, the nursery location has to be assefmealysedfor defining
micro-site canditions, which allow optimisedultivation of the respective target species. The
position of theseedbeds, the road network, buildings, water supply etcs bha be designed
regarding factors like wind protection, water rundfipst protection.

Table7: Annual fenced land requirement for plant productioim m?2

2016 2017 2018 2019 2020 2021

Seed bed area (including footh path)

pine m2  2.700 5.400 4.725 4.725 675 675
birch, willow, poplar, seabuck thorn m? 0 0 638 135 203 135
area for green manuring m?2 810 1.620 1.438 1.458 263 243

other areas for infrastructure
(compost, huts, storage buildings) m?2 540 1.080 959 972 176 162

total 4.050 8.100 7.189 7.290 1.316 1.21!
nursery area m2  4.500 8.500 8.500 8.500 1.500 1.50(
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5.3 Nursery operations

Following (key) operations are essential for sucagssfedling/plant production

x  Solil cultivation
0 mechanical soil workingploughing ripping
For a satisfing germination process of the seed intensive soilltivation is crucial.
Loose soil without humus layer is beneficial.
0 maintenance of the soil (compost, farmyard m@e and green manuje

x Irrigation
Optimal irrigation is necessary, especially after sowing to favthe germination process.
Irrigation of the plants is dondy aimingthe water lowat the plantswith micro-sprinklersor
by forming foglike conditions.

x Fertilization
For the seedlings production within theggect it will not be necessary to fertilize, if the soil
is moderate nutrient rich and loose.s¥ of fertilisers should only follow an examination
(practical experience®r testing of the soil

X Weeding

Weeding pulling ofweedg in early state in the seed bed (prefer mechanical tmeent) is
continuous necessary

Figure24: Transplaning of cuttings in rows
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5.4 Lifting (digging) of seedlings

Success in planting depds on good coordination between the nursery managed a
responsilbe persons for planting operations. Thdvantage within this project ithat the
environmental conditions at the nursery coincide more orslegith those ofthe planting
sites. The seedlings should deg out before the break dormancy in spring and puteh
seedlings intdoilbagsin a not tm wet state.

Thefoilbags should be stored in shady placespl cellars or in a cold storage rodor a
short period.

Prevent sun from shininglirectly on foilbags!!!

Temporary storage of seedlings:

It is recommendedo store bareroot seedlings at shady, moiahd cool places,sheltered
from wind, nearby the planting sites before planting starts. Thidphto prevent the fine
roots from drying out

5.5 Findings-Field excursion td_EPL National Forestry Nursery

Duringthe meeting in Februar2016 LEPL National Forestry Nursery was visited. Because of

the good experiences and existing knbaw for operatingseed treatment (kiln) andh
nursery pine and deciduous tree species.d. birch) a strategic decision was made to
combine seedling production in National Forest Nuysegar Thilisi and in Sno (nursery area
4000 to 6000 m3)lt is proposed to produce primary pine seedlingsno.& may be seen as
an advantage for successful seedling production, wheperiences aréransfered to Sno
Nursery.

It is of importance too, thiathe area of Sno Nursery can bsed as temporary storage for
sedllings, whicthave tobe lifted early in spring in National Forestry nursery nearidibil
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Figure25: LEPL National Forestry Nursery

Figure26: Seedling production (container) in foil houss LEPL National Forestry Nursery
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Figure27: Starting soilpreparationat Sno Nursery

Figure28:Starting soilpreparationat Sno Nursery
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5.6 Work plan

Table8, Table9 and Table10 show adetailed description othe work plan [activies in h] for nursery
management for the period 20162021 and down by month for each year.

Table8: Work plan for nursery management 2018021 [activities in h]

Activities 2016 2017 2018 2019 2020 2021
preparing soil (hoening manually);
green manuring; (fertilizing); turf; 405 820 739 739 132 122
compost [h]
preparing seed bed [h] 225 456 411 411 73 68
composting [h] 90 182 164 164 29 27
total 1 720 1458 1314 1314 234 216
sowing of seed/cuttings and coveringh] 135 270 236 236 34 34
cuttings [h] 0 6 17 17 17 11
cover with film/plastic foil ~ [h] 90 182 164 164 29 27
total 2 [h] 225 458 417 417 80 72
weeding [h] 180 365 329 329 59 54
total 1+2+3 [h] 1125 2280 2060 2060 372 342
lift of seedlings/cuttings [h] 0 300 488 863 1013 225
working hours [h] 1125 2580 2547 2922 1385 567
person-days 141 323 318 365 173 71
person-weeks 28 65 64 73 35 14
person-month (temporarily) 7 16 16 18 9 4
1 worker (continuous) 12 12 12 12 12 6
total - person month 19 28 28 30 21 10
Activities 2016 2017 2018 2019 2020 2021
sedd collection; cuttings h 7 100 300 300 200 0
person-days 1 13 38 38 25 0
person-weeks 0 3 8 8 5 0
person-month (temporarily) 0 1 2 2 1 0
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Table9: Working plan for nursery management 2018018, down by month for each year [activities in h]

2016: Activities hours [n] Jan Feb March  April May June  July August SeptemberOct Nov = Dec
preparing soil 405 405
preparing seed bed 225 225
composting 90 90
sowing of seed; cuttings 135 135
cuttings 0 0
film/plastic foil 90 30 30 30
weeding 180 90 90
lift of seedlings/cuttings 0
total 1125 750 165 120 90
weeks [n] 19 4 3 2
persons [n] 5 1 1 1
1 worker persons[n] 0,5 0,5 14 1,4 1,4 1,4 1,3 1,3 1,3 05 05 0,
2017: Activities hours Jan Feb March  April May June  July August SeptemberOct Nov = Dec
preparing soil 820 820
preparing seed bed 456 456
composting 182 182
sowing of seed; cuttings 270 270
cuttings 6 6
film/plastic foil 182 30 30 30
weeding 365 182 182
lift of seedlings/cuttings 300 300
total 2580 1488 606 212 182
weeks [n] 37 15 5 5
persons [n] 9 4 1 1
1 worker persons[n] 0,5 05 14 1,4 1.4 1,4 1,3 1,3 1,3 05 05 0,
2018: Activities hours Jan Feb March April May June  July August SeptemberOct Nov = Dec
preparing soil 739 739
preparing seed bed 411 411
composting 164 164
sowing of seed; cuttings 236 236
cuttings 17 17
film/plastic foil 164 30 30 30
weeding 329 164 164
lift of seedlings/cuttings 488 488
total 2547 1344 771 194 164
weeks [n] 34 19 5 4
persons [n] 8 5 1 1
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Tablel10: Working plan for nursery management 2012021, down by month for each year [activities in h]

1 worker persons[n] 05 0,5 14 1,4 1,4 1,4 1,3 1,3 1,3 05 05 0,
2019: Activities hours Jan Feb March April May June  July August SeptemberOct Nov = Dec
preparing soil 739 739
preparing seed bed 411 411
composting 164 164
sowing of seed; cuttings 236 236
cuttings 17 17
film/plastic foil 164 30 30 30
weeding 329 164 164
lift of seedlings/cuttings 863 863
total 2922 1344 1146 194 164
weeks [n] 34 29 5 4
persons [n] 8 7 1 1
1 worker persons[n] 05 05 1,4 1,4 1,4 1,4 1,3 1,3 1,3 05 05 O
2020: Activities hours Jan Feb March  April May June  July August SeptemberOct Nov = Dec
preparing soil 132 132
preparing seed bed 73 73
composting 29 29
sowing of seed; cuttings 34 34
cuttings 17 17
film/plastic foil 29 30 30 30
weeding 59 29 29
lift of seedlings/cuttings 1013 1013
total 1385 264 1093 59 29
weeks [n] 7 27 1 1
persons [n] 2 7 0 0
1 worker persons[n] 05 0,5 14 1,4 1,4 1,4 1,3 1,3 1,3 05 05 0,
2021: Activities hours Jan Feb March April  May June  July August SeptemberOct Nov = Dec
preparing soil 122 122
preparing seed bed 68 68
composting 27 27
sowing of seed; cuttings 34 34
cuttings 11 11
film/plastic foil 27 30 30 30
weeding 54 27 27
lift of seedlings/cuttings 225 225
total 567 246 300 57 27
weeks [n] 6 8 1 1
persons [n] 2 2 0 0
1 worker persons[n] 05 0,5 14 1,4 1,4 1,4 1,3 1,3 1,3 0,5 05 0,
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6. PROCEDURE®VERVIEW

6.1.Overview- Site specific reforestation activities

Examination of the legal conditions and an agreementwite landowner (contract) are crucial
before starting planting operations. IRigure29 you will find a description of the poedures for
decision making.

Figure29: Flow chart 1 showing the etailed description of the procedure for finadecision of he reforestation site
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7. DETAILEIDESCRIPTION ®ROCEDURES

7.1Institutional and legal schedule

7.1.1. Land Ownership Status

A significant part of the land plotallocatedfor afforestation has no ownership status, which means
that currently these plots are not registered in the Public Registry aheit owners cannot be
identified. This is a very common feature in Georgia, where theonitgjof land plots lacks aofficial
ownership status. Under an ongoitggislative initiative of the Government of Georgfahere is no
ownership rights registered over a land plot, thisdguot will be registered in state ovenship on
the basis of application of the National Agency of SRiteperty Managemenat the Ministry of
Economy.

In case above amendments are approved by the Parliame@eorgia and come to force, the land
plots subject to further afforestation mage included in the Forest Fund lands or transfernetd
ownershipof the local Municipalities in accordance with the proceskidescribed in this Paragraph.

7.1.2. Procedures to be carried out before Afforestation

Land Plots with no Ownership Status

Despite thefact that land plots are not registered in the PuliReqgistry it is still possible that a third
party has rights (ownership or othén remrights as e.g. usufruct rightover the land plot. For
avoiding afforestation omny plots that are not free from any third party right & fecommended to

register the land plot in the ownership of the logalnicipality prior to starting any afforestation
activity. It is within the competence of Kazbegi Municipalityough consultation with the local

communityto identify land plots that are free from any third pgis rights and potential claims.

For registrationof e land plots suitable for afforestatiorthe following procedures should be
undertaken:

A surveyor (expertyill drawcadastral measurements of thertain land plot;

As local municipalities are allowed to have real estateownership under the Code of Self
Government, Article 19, in accordance witie Law of Georgia on the State Property, Article 18,
Paragraph 1, Kazbegi Municipality may applyh® National Agency of State Property Management
with request to transfer the appropriate land plot imsiownership through direct sale. The
municipality should properly ground in its applicat why the status of the land plot should not be
agriculturaland why it should be used for afforestation purpese

As soon as the grounded and reasonable applicatiortransfer of the land plot @ ownership of
Kazbegi Municipality is received by the National Agarfcg$tate Property Managemergrocedures

*http://parliament.ge/ge/law/11140/28083

e ——————
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for transferring the land plot i@ ownership of Kazbegi Municipalityill be initiated. Under Article
113, Paragraph 2 of the Code of Self Governmedteér submission of the application to the National
Agency of State Property Management it takes 55 dayedeive decision on transfer of the land
plot in the municipalityownershipand submitthe application and theelevantdocuments to the
Government of Georgia,;

After the Government of Georgia receivige decision of the National Agency of State Property
Management it has to approve the decisiomithin 45 days;

After all above steps are completedhe land plot can be registered as ownership of kagb

Municipality in the Public Registry. Kazbegi Muailiiyp should submit an application on registration
of the land plot to the Public Registry and attach the deaqigib the Government of Georgia and
respective cadastral measurement to the Public Registry

After the land plot is registered in the ownership Kazbegi Municipality, Dariali Energy may enter
into the land plot lease agreement with Kazbegi Municipality.

For general recommendations on a tegheet for lease agreements refer paragraph 3.

Land Plots in State Ownership

7.1.3. Land Plots outside of Protected Areas

State Forest Fund Lands

The laws of Georgido not consider anyregulations on transfer ofthe Forest Fund tads irto
ownership or undera lease / management agreement to private law entities odividuals.
Afforestation of these areas should be carried out amhygler supervision andvith consent of the
Forestry Agency.

Local Forest Fund Lands

With respect toForest Fund Landshe laws of Georgia do not provide any groundstfansferring
Local Forest Fund lands undelease / management agreement to private law entitiesrmlividuals.
Afforestation ofsuchareas can be carried out onlynder supervision andvith consent of Kazbegi
Municipalityin directcooperationwith the Forestry Agency.

State owned Landsutside the State / Local Forest Fund

The state owned nosgricultural lands can bigansferred iio ownership of Kazbegi Municipality in
accordance with the procedures described in Paragraghad after transferred to Dariali Energy
for afforestation under lease agreement.

State Owned Lands Protected Areas

The laws of Georgia do ngrovide any regulations on transfer of lands within therders of
protected arasinto the ownershipof local municipalities. The lands within the bordergpaftected
areas cannot be lease or transferred under management ageeds to private law entities or
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individuals Afforestation of these areas should be carried out amger supervision anavith formal
consent of the Agency of Protected Areas.

Lands owned by individuals or private law legal @rgs

Afforestation of private owned lands can be ad out on the basis of the lease / management
agreement between the land owner and Dariali Energy.

For general recommendations on a tegheet for lease agreements refer paragraph 3.
Agreements with owners of the lands

Afforestation ofland plots avned by Kazbegi Municipality or private owners carcagied out only
after lease / land plomanagement agreements have beeoncluded between the owner/user and
Dariali Energy.

The agreement with the owner/user should consides following provisions:

Dariali Energy / contractors, successors or employ#eBariali Energy should be allowed to fence
the territory for afforestation for a 15 years period;

Within the afforestation area, Dariali Energy / contrastosuccessors or employees of Dariali Energy
should be allowed to plant trees and to undertakeyanecessary tending activities, as e.g. weeding;

The owner should be obliged to guarantee that the &iren the area of afforestation will persist for
70 years, as this period is a timeframe necessarytiie required amount of carbon has been
captured. The agreement should provide specific lités for violation of the mentioned obligation
by the owner;

The agreement should determine which party of idanhen is responsible for forest thinning and
cleaning activity;

The agreement should regulate timber usghts of the contracting parties and the local comrityn
at thinning and harvesting;

The owner should guarantee that grazing on the area fafre$tation should be allowed not before
20 years aftr fencing the area for afforestation;

The owner should guarantee that local community forpmsges of sustainable management of the
forest willnot overexploit the forest on the afforestation area

Under existing practicestate owned lands are not leaddor more than 49 years. This limitation
under the lave of Georgiais applicableonly to agricultural lands, though, generally state /
municipality lands are not leased to individuatgrivate lawlegal entities for more than 49 years. It
is recommendd that the lease agreement is made for 70 yeathe period which will benecessary
for the required amount of carbon to be capturetlowever, in case there is no possibility to extend
the agreement to 70 years, the agreement should stayonce for 49years with a prolongation
option that cannot be refused by the owners of tlaad plot without proper excuse.
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Lease agreements should be registered within the ieuRegistry under Article 11, Paragraph 1 of
the Law of Georgia on Public Registry.

As theland plots within the borders of the state and ldcBorest Fund cannot be leased or
transferred for management to Dariali Energy, afforestatiam ®e carried out with consent and
under supervision of the Forestry Agency and thealamunicipality in casef Local Forest Fund
territories .

Afforestation of the land plots within the borders dfie protected areas can be carried out with
consent and under supervision of the Agency of Rited Areas. As afforestation of territories
within the borders of protected areas are subject tdct regulations, it is recommended not to carry
out afforestation activities within the territories girotected areas.

In case Dariali Energy carries out afforestation onldine plots without prior registration of the tal
municipality as the land plot owner, the local municifyakhould take responsibility to ensure that
all necessary measures for sustainable management of theeated areas should be followed:

Fencing for up to 15 yeardDariali Energy / contractsr successors or employees of Dariali Energy
should be allowed to fence the territory for afforesion;

Planting trees and weedingwithin the afforestation area Dariali Energy / contractpsuccessors or
employees of Dariali Energy should be allowegltmt trees and to do weeding;

Persisting the forest on the area of afforestatiom ¥® years and undertaking all necessary measures
provided by the respective laws of Georgia for propemagement of the afforested areas.

7.2.Planting operations

7.2.1. Afforestation plan

As a complement to the recommendations worked out basmd field survey (site
conditions; site specific tree species choiceletailedsite specifiafforestationplan[spatial
concept for reforestation pattern] should be preparedr feach reforestation site by the
responsible foresterTo facilitate asuccessful implementationf the afforestation plan
revisiors of the site specific afforestation planis crucial In this way one can take into
account and/or balancthe interests of the landowers (land managers).

Such a plan should include:

x localisation and borders of the reforestation area
line of the fence

x detailed estimateand localisation of favourable and néavourable sites for natural
regeneration and planting
no-plant areas [accesss; cattle/sheep passes]

x defining sites suitable for thdifferent species

e ——————
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X tree specific planting density and spacing

Such plans will support workem the course ofplanting andprovide practical means for
controllingreforestationoperations once planting begins.

For securing high quality of planting thsuitable planting sitesdepending on the species,
topography and micreclimatic conditionsshould be markedby the responsible persormt
the reforestation area.

Characteristics for defining non favobta sites for reforestation and specispecific
favourable sitesnon favourable sites:

o

very steep slopes, rocky areas, areas with long lastimgwy situation and(or
snow gliding

x favourable sites:

(0]

Birch exposure all directions, slope inclination till°’48now rich areas (norther
hillsides), sandy and medium loamy soils, heavy, clay

Pine exposure soutkeast to south west, moderate slope inclination, sarahg
medium loamy soils, pioneer tree on eroded areas;

Willow, poplar: exposure all directions,opk inclination till 30°, sandy and
medium loamy soils, heavy clay

Seabuckthorn: exposure all directions, slope inclination till °1@andy and
medium loamy soils, heavy clayrought tolerant

Figure30: Partial area plantingof spruceon favourable site§v-shaped]example from Switzerland)
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Figure31: Pine reforestation inkanobi SourceE. Hochbichler

Figure32: Pasture forest(pine trees in patches/groups)at Gudauri argsimilarto a light pasturein Austria. This pattern
of tree groups and pasture could be used for creagireforesation patterns.
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Regarding tree specific characteristigsks of diseases, pestfestations, individual tree
mortality, etc.) tree densiéis and spacings inTablell are suggested.

Tablel1: Suggested tree densities and spacing for the recoemded tree species.

Species Tree density Spacing

Pine 4,000 N/ha 25m*1m;3.0m*0.8m
Birch, poplar, willow (other | 1,100 N/ha 3.0m*3.0m

deciduous tree species)

Seabuckthorn 1,100N/ha 3.0m*3.0m

For partial planting a minimum size of 1,000,500 n? (for example 40800 pines; 130 to
160 linear meter fence) is suggeds.

Figure 35 and Figure 36 give examples for various planting patterns regagdpasturing
aspects, site conditions and natural regeneration ayiGs.

Figure33:Recommended planting pattern as an example for arpof polygon 151/6)
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Figure34: Recommended planting pattern as an example for palrplanting (light pasture concept)

Figure35: Mixed-mode reforestation as an example for a partial ared polygon 303/3
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Figure36: Mixed-mode reforestation as an example for a part of ggon 303/7

Planting is possible in spring and in autumn.

Spring:It is recommendedo schedule the planting for just before native vedeaia begins
to grow to ensure good survival of the tree indivitkia

Autumn: Planting in autumn (September to October) is also pdéssds seedlings are
produced in the regional environment. Autumn plantibgnefits from secondary root
growth which starts after the plants have finished heighdwth. Planting on shady slopes is
suggested. Autumn planting can also be organised Wwetlause the preparation of holes for
planting and fencing can be done thg summertime what promotes work progress and
keeps workers busy after spring planting.

7.2.2. Fencing

For protection against cattland sheep/goatgrazing fencing of the reforestation area is
indispensable. The fence should be established leetwithe latest when finishing planting
adivities.
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Figure37: Cattle grazing in the Kazbegi ardaring summer time

Figure38: Sheep grazing at polygon 177Huring summer time
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Following fence types are suggested:
Suitable for cattle:
X wooden or steel posts (spacingbfn) and three rows of smooth wire
Suitable for cattle and sheep:
X wooden or steel posts and mesh wire fence/mesh plasince
x wooden or steel posts anghlvenised steel fence types for sheep/godtsifht 1,0m or

1.5m]
[fence constructionmaterial costs: fence-2 Euro/linear meterwooden or steel posts2

Euro/linear meter, in total 46 Euro/linear meter; fence maintenance;5 Euro/linear
meter]

» flexibleelectric fence, wire in three four rows,charger with solar equipment
[fence constructiom3 — 6Euro/linear meter; fence maintenance: 0,2,3 Euro/linear meter]

In very steep slopes, where risks of avalanches and/ gliding effects are high, the smooth
wires or mesh wire fence should batglown to the ground during winter time.

Figure39: Galvenised steel fence types for sheep/godteight 1,0m or 1.5 m] [Lagerhaus, 2013]
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Figure40: Flexible electric fence and solar pangdaritzand BurkartAicher, 2013]

7.2.3. Planting method

Planting in holes and small terraces is very commonsarieble for bareoot seedlings and
cuttings.

Planting in holes:

The holesneed to be specific for thelant assortmentlt is of high importance, that the
rootsare placed welin the hole. Planting mattock, spade andndhoe are suitable tools.
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Figure41:Planting in holes and in small terraces

[http://Iwww.wsl.ch/dienstleistungen/gutachten/verju engung/Nacktwurzler_DE]
Planting insmall terraces:

Small terraces aré0cm x 30cmin size Using golanting mattockor spadethe grass stubble
is tipped and later in fornof a grass sodeinstalled. Smallerraces can be sed for planting
in rows orpartial planting in patches.

At verysteep slopes technical support against snomeyéffectsmay benecessaryo ensure

the growth of the seedlings.
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Figure42: Technical support against snow glide

Figure43: Terraces which were used for agriculture in the pasire nowfavourable sites for planting

51



Handbook REFORESTATION PROGRAMME

7.2.4. Direct sowing

If it isconceivable that sufficient seed material (pine, birch) will beailable direct sowing
in late autumn or early spring (sowing on snow covallld be tested. Ifhte results are
promising, direct sowing should be used as an aduicegeneration method. Raw soils are
very favourable sites for such a strategy.

Site preparation for direct seeding is not recommendagcause of negative effects on
erosion, but fencings essential.

Figure44: Slope with raw soils (Ranker), erosion process sxdi by cattle grazing, could be used for testingedit seeding
(polygon 171/3)

7.2.5. Weed Control

In the first five years after plantingense and competingerbaceous plants and shrubsay
be eliminated and/or supressed. Spot weeding using mechanical methedsiggested.
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7.2.6. Work plan

Table12, Table13 and Table14 show a detailed description of the work plan [acie in h]
for planting operations for the period 20262021 and down by month for each year.

Tablel12: Working plan for planting operations 26 2021 [h, days, weeks]

Tree species 2016 2017 2018 2019 2020 2021
birch, willow, poplar, sea-

0 5.000 15.000 15.000 10.000
buckthorn [n]
pine [n] 12.000 40.000 60.000 100.00C 120.000 20.00
birch, willow, poplar, seabuck
thorn [ha] 0 0 5 14 13 9
pine [ha] 3 8 12 24 28 5
planting [ha] 3 8 17 38 41 14
fence [establishing] [ha] 15 49 55 39 10
Activities [hours] 2016 2017 2018 2019 2020 2021
preparation of holes for planting ¢
small terraces 300 800 1.650 3.751 4.100 1401
transport of seedlings/cuttings 6 16 33 75 82 28
planting 384 1.024 2.113 4.802 5.248 1.793
690 1.840 3.796 8.628 9.430 3.222
fence [establishing] 924 2.962 3.298 2.310 588 0
weeding 90 240 495 1.125 1.230 420
fence [maintaining] 90 240 495 1.125 1.230 420
working hours [h] 1.794 5.282 8.084 13.189 12.478 4.063
person-days 224 660 1.010 1.649 1.560 508
person-weeks 45 132 202 330 312 102
person-month (temporarily) 11 33 51 82 78 25
forest manager [person month)] 12 12 12 12 12 12

53



Handbook REFORESTATION PROGRAMME

Tablel3: Working plan for planting operations 2012018 down to month for each year [ h]

2016: Activities hours [n] Feb March April  May June July August September Oct Nov Dec
preparation [holes; terraces] 300 150 150
transport 6 225 6
planting 384 384
fence [establishing] 924 462 462
weeding 90 90
fence [maintaining] 90 18 45 27
total 1794 837 1002 108 45 27
weeks [n] 21 25 3 1 1
persons [n 5 6 1 0 0
2017: Activities hours [n] April  May June July August September Oct Nov Dec
preparation [holes; terraces] 800 150 150
transport 16 225 16
planting 1024 1024
fence [establishing] 2962 1481 1481
weeding 240 240
fence [maintaining] 240 48 120 72
total 5282 1856 2671 288 120 72
weeks [n] 46 67 7 3 2
persons [n’ 12 17 2 1 0
2018: Activities hours [n] April  May June July August September Oct Nov Dec
preparation [holes; terraces] 1650 150 150
transport 33 225 33
planting 2113 2113
fence [establishing] 3298 1649 1649
weeding 495 495
fence [maintaining] 495 99 248 149
total 8084 2024 3944 594 248 149
weeks [n] 51 99 15 6 4
persons [n. 13 25 4 2 1
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Tablel4: Working plan for planting operations 2012021 down to month for eaclyear [ h]

2019: Activities hours[n] Jan Feb March April May June July August September Oct Nov Dec
preparation [holes; terraces] 3751 150 150
transport 75 225 75
planting 4802 4802
fence [establishing] 2310 1155 1155
weeding 1125 1125
fence [maintaining] 1125 225 563 338
total 13189 1530 6182 1350 563 338
weeks [n] 38 155 34 14 8
persons [n’ 10 39 8 4 2
2020: Activities hours [n] Jan April  May June July August September Oct Nov Dec
preparation [holes; terraces] 4100 150 150
transport 82 225 82
planting 5248 5248
fence [establishing] 588 294 294
weeding 1230 1230
fence [maintaining] 1230 246 615 369
total 12478 669 5774 1476 615 369
weeks [n] 17 144 37 15 9
persons [n 4 36 9 4 2
2021: Activities hours [n] Jan April May June July August September Oct Nov Dec
preparation [holes; terraces] 1401 150 150
transport 28 225 28
planting 1793 1793
fence [establishing] 0
weeding 420 420
fence [maintaining] 420 84 210 126
total 4063 0 375 1971 504 210 126
weeks [n] 9 49 13 5 3
persons [n’ 2 12 3 1 1
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8. HNANCIAL AND PERS@NNPLANNING

8.1.Demand for workers

From the work plans for the nursery and the plantingemtions the total demand for
personnel can be derived. For42years 78 persons will be needed for 2 months
approximately from Apk to June for the seedling production. One workemeeded year
round in the nurseryAlso for 24 years 15 persons will be needed during32monthsfor
planting operations. The effective number of works doyed for planting depends on
whether only spring planting or both spring plantingdaautumn planting are done. Later
would mean that there is work to do from spring to amtn, and the peak of worker
demand would be reduced.

Figure45: Person months needed for management, seedling gwation and planting operations from 2016 until 202
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8.2.Cost planning

Based on the detailed planning for plant production apldnting (168 ha in total; for
artificial regenerationl16 ha; pine: 340.000 seedlings; birch, poplar, willoag-buckthorn:
45.0000 plants fencing: 168 ha}he preliminary cost plan (Interim Report) was again
revised.

Tablel5: Working plan for planting operations 2012021 down to month for each year [ h]

seed collection + plant production 2016 2017 2018 2019 2020 2021 Total
person-month (temporarily) [month] 7 17 17 20 10 4 74
1 worker (continuous) [month] 12 13 14 15 16 17 87
personnal costs [Euro] 12.207 19.042 19.828 22.218 16.580 13.148 103.022
material costs; transport costs  [Euro] 7.000 8.000 8.000 8.000 7.000 5.000 43.00(
[Euro] 19.207 27.042 27.828 30.218 23.580 18.148 146.0:
planting + fencing + weeding 2016 2017 2018 2019 2020 2021
person-month (temporarily) [month] 11 33 51 82 78 25 280
personnal costs [Euro] 9.900 29.700 45.900 73.800 70.200 22.852. 252.352
material costs (fence, tools) [Euro] 7.000 7.000 7.000 7.000 7.000 7.000 42.000
material costs; transport costs  [Euro] 5.000 5.000 5.000 5.000 5.000 5.000 30.000
[Euro] 21.900 41.700 57.900 85.800 82.200 34.852 324.3!
forest manager [Euro] 24.000 24.000 24.000 24.000 24.000 24.000 144.01
total 45.900 65.700 81.900 109.800 106.200 58.852 614.3
risk add- on [15%] [Euro] 706.530
monitoring; fence [maintaining];
repair planting [Euro] 2021-2030  200.000
Total [2016 - 2030] [Euro] 906.530
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9. OPERATIONAL PLANNING®NTROL WDMONITORING

9.1 0Overview

The following flow chartRigure 4% summarizes thestepwisedecision making procegsom
starting with detailedreforestationsite spedic planning, implementation and monitoring.

Figure46: Flow chart 2on the reforestation planning.
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9.2 Planning and monitoringf reforestation programme [2016-2021]

For operational planningnd for the defined reforestation sites (polygonapd controlfollowing
steps are recommended:

x Collect basis data[reforestation area, regenerations methods, fence Jinartificial
regenerations methods and plant need] (tables 3,4 anduid start with time scheduing for
legal preconditions and reforestation measurements (ssafiorm;Tablel?)

X Adapt basis dta [reforestation area, regenerations methods, fence linattificial
regenerations methods and plant needifter detailed field survey (see Chapter 6&t)d
revisetime schedulingfor legal preconditions and reforestation measureme(item; Table
18)

X Report the resultof execution (formTablel9)

Annual onsite inspections with special focus on plant developmetiamages, weed
competition and fence state aneecessary in spring, during summertime andautumn till
the first 3-5 years after plantingDocumentation of the inspection is necessary.

The presented forms ifiable17, Tablel8 and Table19 are examples for toolsyhich are suggested
to support planning and control activitieg\n Excel file for eacheforedation area (polygon) is
recommended (seettchment: Planning, Control, Monitoringjor the recalculation of the GO
sequestration potetial of the afforestatbn sitesthe values inTablel6, giving theCQ sequestration
potential of the different species at different site ques, which have been determined from the
field measurements, have to be used.

Table 16: Estimated C@storage potential (t C@ha’l) at an age of 608 70 years for the different species groups and
different site qualities.

Species groups good medium bad
Birch, hardwood 280 215 150
Poplar, willow 460 390 320
Pine 550 475 400
Shrubs 5 4 3
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Tablel7: Status form as basis for planning framewo(or example polygonpilot area)

Plan

reforestation location

polygon test 1

pilot area [ha] 2,0
2016 2017 2108 2019 2020 2021
planned time for reforestation September
[year, month]
cadastre parcel TAXXXXXX
area (m? 20.000
land use alpine pasture
owner Kazbegi Municipality
ownership state
reforestion area [ha]
natural regeneration [ha] 0
artificial regenration [ha] 2
fence length [m] 600
artificial regeneration method planting sowing
tree species area [ha] [tree number| area[ha] kg
birch
pine 2 8000
maple
willow
poplar
other deciduous trees
seabuck thorn
fencing fence type area[ha] | length [m]
steel posts and mesh wire fencg 2 600
wood posts and electric fence
Carbon storage potenzial [t CO2] tree species area [ha] tCO2 t CO2/ha
birch 0 0 0
pine 2 1100 550
maple 0 0 0
willow 0 0 0
poplar 0 0 0
other deciduous trees 0 0 0
seabuck thorn 0 0 0
legal preconditions planned time [year, month] 2016 2017 2018 2019 2020 2021
agreement landowner June
agreement land user/manager June
official permit administrative
R June
bodies
Reforestation measurements StV ities/planned time 2016 2017 2018 2019 2020 2021
month/year]
defining and marking the fenceline April
defining and marking the reforestatio|
pattern and tree specific planting
areas June
fence making July
fence management
preparation of holes and/or terraces [ Aug/Sept
plant transport Aug/Sept
planting Aug/Sept
repair planting
weeding
fence: mid term maintenance
inspection [ October [ April, Oct. | April, Oct.] April, Oct]  April, O]
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Tablel8: Form as basis for revised planning framework (for emple: polygon pilot area)

revised plan

reforestation location

polygon test 1

pilot area [ha] 2,0
artificial regeneration method planting sowing
tree species area [ha] |tree number| area [ha] kg
birch
pine 2 8000
maple
willow
poplar
other deciduous trees
seabuck thorn
fencing fence type area[ha] | length [m]
steel posts and mesh wire fencg 2 600
wood posts and electric fence
Carbon storage potenzial [t CO2] tree species area [ha] tCO2 t CO2/ha
birch 0 0 0
pine 2 1100 550
maple 0 0 0
willow 0 0 0
poplar 0 0 0
other deciduous trees 0 0 0
seabuck thorn 0 0 0
legal preconditions planned time [year, month] 2016 2017 2018 2019 2020 2021
agreement landowner June
agreement land user/manager June
official permit administrative
bodies June
a Activities/planned time
Reforestation measurememl?momh/year] 2016 2017 ks 2019 2020 2021
defining and marking the fenceline April
defining and marking the reforestatio
pattern and tree specific planting
areas June
fence making July
fence management
preparation of holes and/or terraces | Aug/Sept
plant transport Aug/Sept
planting Aug/Sept
repair planting
weeding
fence: mid term maintenance
inspection October April, Oct. April, Oct. April, Oct April, Oc]
inspection
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Tablel9: Form as basis for documentation of execution (faxample: polygon pilot area)

execution
reforestation location polygon test 1
pilot area [ha] 2,0
legal preconditions time [year, month] 2016 2017 2018 2019 2020 2021
agreement landowner June
agreement land user/manager June
official permit administrative
: June
bodies
Reforestation measurementBctivities/ time [month/year] 2016 2017 2018 2019 2020 2021
defining and marking the fenceline April
defining and marking the reforestatiol
pattern and tree specific planting
areas June
fence making July
fence management
preparation of holes and/or terraces | Aug/Sept
plant transport Aug/Sept
planting Aug/Sept
repair planting
weeding
fence: mid term maintenance
inspection October April, Oct. April, Oct. April, Oct April, Oc
inspection
artificial regeneration method planting sowing
tree species area[ha] [tree number| area [ha] kg
birch
pine 2 8000
maple
willow
poplar
other deciduous trees
seabuck thorn
fencing fence type area[ha] | length [m]
steel posts and mesh wire fence 2 600
wood posts and electric fence
Carbon storage potenzial [t CO2] tree species area [ha] t CO2/ha t CO2
birch 0 0 0
pine 2 550 1100
maple 0 0 0
willow 0 0 0
poplar 0 0 0
other deciduous trees 0 0 0
seabuck thorn 0 0 0
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9.3. Targetactual comparison per year

For internal control a targeactual comparison should be done by end of the y@&rese results can
be used for eternal communication too Table20).

Table 20: Reforestation area (ha) in total, artificial (plaintg) areas (ha)and number of planted tree specieand
estimated CQ@storage potential (t C@ha’l) at an age of 6&¥0years following the planned activities 20162021

Reforestation area  birch + hardwoods poplar+wollow pine seabuck thorn
Year total [number]
[ha] [number] [number] [number] [number]
Y- 2016-target 2 0 0 8000 0 8000
actual 0
Y- 2017-target 16 5500 0 14000 0 19500
actual 0
Y-2018-target 26 4500 100 62400 0 67000
actual
Y-2019-target 57 13900 200 101500 0 115600
actual 0
Y-2020-target 50 10200 1500 88800 3600 104100
actual 0
Y-2021-target 19 3200 200 47700 0 51100
actual 0
Total-target 170 37300 2000 322400 3600 365300
actual
Reforestation area  birch + hardwoods . O2-storage potentie accumulated C.O‘
Year poplar+wollow [ha] pine [ha]  seabuck thorn [heﬁ storage potential
[ha] [ha] [tCO2]
[tCO2]
Y- 2016-target 2 0 0 2 0 1100 1100
actual
Y- 2017-target 16 13 0 3 0 5400 6500
actual
Y-2018-target 26 10 0 16 0 10900 17400
actual
Y-2019-target 57 32 0 25 0 20300 37700
actual
Y-2020-target 50 23 1 22 3 18900 56600
actual
Y-2021-target 19 7 0 12 0 7700 64300
actual
Total-target 170 85 2 81 3 64300
actual

Figure 47 shows an example for control and description of thev&lepment of estimated and
accumulated COstorage potential based orexecution of the reforestation programme(see
Attachment: Planning, Control, Monitoring; Excel file)

Figure47: Estimated and accumulated G@®torage potential (t C@ha’l) at an age of 60 years following the planned
activities 2016- 2021

63




Handbook REFORESTATION PROGRAMME

9.4 Mid-term monitoring [2021- 2030]

In the mid-term developmentstage of theregeneration (young growth stand) thagher
risks for diseases and/or mortality and especiallydmzing damagesequire a continuous
afforestation control

Annual onsite inspections with special focus on plant developmesiamages, weed
competition and fence state aneecessary in spring, during summertime and in_autuitin
year 2030Documentation of the inspection is necessary.

10. BENVIRONMENTAL AND S@ICSCHEDULE

The planning and afforestation activities shall be camioated to the public. As the

appropriate tool a special website shall be created an#teld to the website of Dariali

Energy. The progress of the afforestation activitieslldhe documented with text but also

with pictures. The annual reports of Dariali Energy Idb@lmade available on this website.
Every month a new photograph on the website shouldwoent the past month’s activities.

A disclosure of this handbook (except the specifamphg schedule) is aspired in order to
spread the knowledge on planning and performingpedbtation activities.
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