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1. GENERAL INFORMATION
1.1 Author(s) of the report
1). Dr. Vo Thanh Son
2). Dr. Dao Minh Truong
3). Ms. Nguyen Thi Lan Phuong
1.2.Group members (leader, key researcher and assistant researcher)
1). Group leader: Dr. Vo Thanh Sér{thanhson.vo@gmail.com);
2). Group key researchddr. Dao Minh Truong (mr_truong@hotmail.com)
3) Research assistants:
+ Mr. Hoang Tuan Anh, PhD Student (hoangtuananh88@gmail.com);
+ Mr. Du Vu Viet Quan, PhD Student (duvuvietquan@hus.edu.vn) and
+ Ms. Nguyen Thi Lan Phuong, Masterds .

2. RESEARCH
2.1.Abstract

The GIS and Remote Sensing group has the objectstedy land cover/land use
changeand ecosystem services for 4 representative sites in the limestone ecesystem
Mountainous Region of North Vietnarhhis report summarizes the resdgaresults in
Bac Me Nature Reservand Phia Oa®hia Den National Park, while the research
results for Nam Xuan Ladature Reservkas beeiwompleted after conductir®j field
trip in November 2021

Regarding land use changes, during the period of/19881 20072009, Bac
Me and Cham Chireserves and Phia O&thia Den National Parkace the decline of
forest ecosystems (Close foresthile the area of secondary forest (Open forest),
bushes and bare lardeincreased rapidly, concentrated mainly ie ghevation zone
of 200 m- 1000 m, in Yen Thuan and Phu Luu communes (Cham Chu), in Minh Ngoc
and Thuong Tan communes (Bac Me) and in Quang Thanh and Phan Thanh (Phi Oac
Phia Den NP). However, during last 10 years (2007/200317/2019), the forest area
(Close forest) has increased, mainly due to the conversion of secondary forest and
bushland, probably due to the natural process of forest vegetation rehabilitation and
reforestation. Nam Xuan Lac Reserve witnesses the increase in forest cover during the
period 19891998 anchas trend to decrease while open forest and bush increase (1998
2007) or agricultural land /shifting cultivation land increase (2P0X7). The
rehabilitation of forest cover and land use / land cover chaagebe explained by



adoptionof the conservation and development policies and increase in local livelihood
development.

Regarding ecosystem services, according to preliminary assessment, the total
value of ecosystem servicgsrdvisioning regulating, cultural and supportinggnges
from 1737 179 millions USD for Cham Chu Reserve, from 90.83.1 million USD
for Bac Me Reserve, from 126,2129.4 million USDfor Phia Oad Phia Den National
Park, and from 87 91 million USD for Nam Xuan Lac Reserve. Thus, the value of
ecosystem sgices per hectare is ranged from 4,42(/279 USD; 4,2824,416 USD;
6,292- 6,419 USD; and 2,9903,151 USD, accordingly.

Regarding the publication, the research team has submitted one paper to
international journal in the SCOPUS system and this ipla@e beepublished online.

2.2.Background of the study

The Central Institute for Natural Resources and Environmental Studies-CRES),
Vietnam National University,-ecélagioabNaturei s 1 n
Conservation Project in Mount@nu s Regi on of North Vietna
technical support from the Nagao Environment Foundation (Japan). The Institute has
worked closely with scientists from the Institute of Ecology and Biological Resources,
Hanoi National University of Educatioand a number of research institutions. -GIS

Remote Sensing Research Group is one of 10 research groups of the Project. Other
research groups are Mammals, Birds, AmphidRaptiles, Fish, Insects, Plants, Soil
Invertebrates, Macrtnvertebrates, Aquatic @nSocial Group.

The project has been implemented for 3 ygaf¥20189/2021)with the goalii T o
contribute to nature conservation and sustainable development policies in the
mountainous region of Northern Vietnamo.

Project purposeare:

a) To deepen scidfit knowledge of natural ecosystem, biodiversity in particular, at
limestone zone in the northern part of Vietnam, such as ecological situations
(ecosystem, biodiversity, habitat, population density/distribution, etc.) in relation with
land-use change, fge-scale regional development and other human activities on the
one hand and, on the other hand, with environmental or developmental policies,

b) To elucidate the facts and causes of environmental degradation in recent days due
primarily to economic devepment represented by land use/land cover changes and
search for practical solution or mitigation, and

c) To enhance young scientistsd research
sufficiently skilled and trained to plan, conduct, and publicg=earch.



The NorthEastern part of Vietnam consists of many limestone ecosystems with high
biodiversity richness. Thousands of vascular plants, animals have been found and
described since French time. Nevertheless, there is very little systematicedly sas

been carried out since.

Four representative areas forountainous region of Northern Vietnamave been
selected,including: 1) Cham Chu Reserve of Tuyen Quang province; 2) Bac Me
Reserveof Ha Giang province; 3) PhiadadPhia Den National Park dfao Bang
province and; 4) Nam Xuan Lac Reserve of Bac Kan province.
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Figure 1. Location of study sites iMountainous Region of North Vietnam

After conductingpreliminary field research in April 2018, the project has selected 4
protected areas in 4 regzentative provinces in the northern mountainous rdgiote

study, namely Cham Chu (Tuyen Quang), Bac Me (Ha Giang), PhiaRlaa Den (Cao

Bang) and Nam Xuan Lac (Bac Kan). These protected areas are all characterized by high
potential for biodiversy buttheyhave not beenomprehensivstudied.

Some key information about the study sites is shown in Table 1 below.



Table 1. Basic information of the study area

Characteristic Cham Chu Bac Me Phia OacPhia | Nam Xuan Lac
Den
Geographical | 22°04'- 22°21' 2B 4'-00 281" 44" 22176122066

coordinates

North latitude
10453'- 105°14'

255" ROt
| atjtude

289" MdArt h
| atj t lueDB-5

22’1 9 6 Nérth 6
latitude

Eastlongitude [10°60'-00 |10°56' Ra&3t 1052806316
10°30'BE2¢1t{l ongi tude|1093 306 E&sbd
longitud longitude

Elevation From 30 m to From 66 |From 163 |From46mto

1587m 1463 m m 1346 m

Administrative| Yen Thuan, PhyLac Non|Thanh Co Ean ')F<h|, DE”Q
units/ Luu (HamYen [Mi nh Ng|[Quang Th|-2% ~A&n Lac
L (Cho Don

communes district), Ha Thuong Phan Tha|', .
district)y (Bac

Lang, Trung (Bac Me|Hung Dao Kan )

. . province)

Ha, HoaPhu |di stric|Tuc (Ngu (3 communes)

(Chiem Hoa Giang p|Binh dis

district) (Tuyen | ( 3 comm ( Cao Ban

Quang province

prov|nce) (5 communes

communes)

2.3. Literature review

2.3.1. Natural characteristics of study areas

(1) Characteristics of limestone mountain ecosystems

Limestone mountain ecosystems play a very important role in biodiversity
conservation and soceconomic development. According to the Ministry of
Agriculture and Rural Development (2006), Vietnam's limestone mountain ecosystem
has an area of 1,152,200 ha, of which the forest cover area reaches 396,200 ha, in 24
provinces andities but mainlyconcentrated in the provinceshbrthern mountainous
regionsuch as Dien Bien, Lai Chau, Son La, Hoa Bihllyen QuangHa Giang, Cao
Bang, Bac Kan,Lang Son, Quang Ninh, Hai Phong and some provinces in North
Central of Vietnam.

(2). Landscape



The Northeast region consists of hills and mountains on the left bank of the Red
River with common topographical features of lowshbelow 1,00@n and areshaped
mountain ranges in the northeasth as those of Song Gam, Ngan Son and Dong,Trieu
clustering towards the Tam Dao mountain range to form the slopes of the mauntains
The study sites are mainly located in the areas between tvsb@ped mountain ranges
of the Song Gam and Ngan Son, in the Neaist region (See Figuré. 2
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Figure 2. Topayraphicmap of the studies areas

The average elevation of the study sites ranges from 200 to 1000 m, of which the highest
point is Phia Oac mounta{Phia Oac peaklith an altitude of 1935 m, highest pomt

in Cham Chu is 1.587 (Cham Chu peak), higipesnt in Bac Meis 1463 m and the
highest point in Nam Xuan Lac is 1346 m.

(3). Climate

Located in both a temperate and a tropical zone, Vietnam's climate is characterized
by strong monsoon influences but has a considerable amount of sun, a high rate of
rainfall, and high humidity In the north, the climate is monsewmluenced humid
subtropical climate (Koppen: Cwa) with four distinct seasons (spring, summer, autumn,
and winter).

The Northeast region includes the northern and northeastern provinteassuc
Lao Cai, Yen Bai, Hoa Binh, Ha Giang, Tuyen Quang, Phu Tho, Cao Bang, Lang Son,
Bac Kan, Thai Nguyen, and Quang Ninh. The climate in this region is strongly
influenced by the northeast monsoon. Winters are cold, cloudy (little sunshine) that is
charaterized by drizzle. The cold comes earlier than other provinces. Summers are hot
and rainy that coincide with the rainy season. However, unlike the northwest, dry
conditions are rare due to a low frequency of westerly winds. The rainy season usually



lastsfrom Mayi September although its duration can vary from 4Qanbnths. In the

Hoang Lien Sonmountains, winters are cold where snowfall and hoarfrost can
occasionally occur. These mountains have the highest rainfall in the country. Mean
annual temperatuseare around 23 °C in which the coldest month has a mean
temperature of 16 °C and the hottest month has a mean temperature of 28 °C. Average
annual rainfall is approximately 1,800 mm

Table 2. Climate characteristics according to meteorological stationthastudy area
and study sitefAccording to Nguyen Quang Truong, 20&4d statistics

Name Elevation| Temperature®C) Rainfall (mm) Average
(ma.s.l.)| Annual Range Annual Range annual
average| monthly average monthly humidity
average average (%)
Ha Giang 118 22.7 15.427.8 2430.1 | 31.5515.6 84
Nguyen Binh 208 20.3 12.326.1 1763.0 | 34.7312.1 82
Cao Bang 258 21.6 14.027.3 1442.7 | 16.11267.1 81
Trung Khanh 520 19.9 11.726.0 1646.4 | 31.6301.5 81
Cho Ra 210 22.0 14.1127.5 1343.5 | 18.2249.4 83
NganSon 566 20.1 12.325.7 1593.1 | 24.8314.8 81
Dinh Hoa 220 22.6 15.328.1 1666.9 | 14.8315.1 83
Lang Son 258 21.2 13.327.0 1391.9 | 23.00255.0 82
Cham Chu 24.5 16.829.7 1789.7 | 15.6308.5 81
Reserve (Tuyen
Quang)

(4) Hydrology

The monsoo#influenced humd subtropical climate regime with sloping and
heavily cut terrain has created a fairly dense hydrological system, with the main river
basin system in the study area being the Gam RikerRiver belonging to Red River
System. In the study sites, only shmalers and streams flow through, except Bac Me
NR with a part of Na Hang hydropower reservoir (Tuyen Quang).

(5) Soils

The solil of limestone mountains with heavy mechanical compositibopgal
red soil, mainly ferarisoilsformed onrock oflimestore (low belt, below 700 m above
sea level) or limestonadolomite (altitudes over 700 min the steep and eroding places,
the soil cover is alternated bgd soil andblack soil on limestone mountains (rendzina
soil) (MARD, 2006).



Table 3. Characterisics of soil types in the study area

Cham Chu Bac Me Phia OacPhia | Nam Xuan
Den Lac
+ Red and yellow feralil + Group of light yellow humuy +Redbrown feralit soil| +Soil on
soil on medium and hig| soils on sandstone (>900m) | on limestone mountain basin and
mountains (704700m) | +Redbrown soil group or (700-1700m) valleys
+Yellow feralit soil on| limestone +Feralite soil is light +Redbrown
low mountains (300| + Group of red and yellow sg Yellow in the high| soil group on
700m) on clay and metamorphic rock mountains limestone
+ Limestone valley soil | + Group of pale yellow soil ol *Red yellow soil in low
+Soil on basin an( sandstone mountain
valleys + Alluvial soil group mainly| +Soil on basin an
distributed along the Gam rive Vvalleys

SourcesDARD Tuyen Quang, 2014DARD Ha Giang, 2016; DARD Cao Bang, 2017;.
UBND Bac Kan, 2013.

(6) Flora

In terms of species composition, the flora of the limestone mountains is a mixture
of many flora, but the main characteristic is the native flora of North Vietrfaoath
China, and is also influenced by many different types of flora in the region. Vegetation
on limestone mountains of Vietnam is distributed discontinuously, concentrated in the
belt 300i 1200 m above sea level (MARD, 2006).

The flora of the limestone matains is a mixture of many vegetation streams, but
the main characteristic is the indigenous flora of North Vietn&wouth China, and at
the same time, it is also influenced by other vegetation streams. Vegetation on limestone
mountains of Vietnam is siributed discontinuously, concentrated in the belt B00
1200 m above sea level (MARD, 200®&). general, the limeston®rest ecosystem
structure includes: (i) Evergga humid tropical monsoorainforest; (ii) Evergreen
humid subtropical monsoomainforest; (i) Subtropicalmonsoon semileciduous
rainforest; {v) Evergreen humidropical shrubland; (¥ Evergreen humid subtropical
shrubland.

Among the limestone ecosystems, there are many rare and endemic plant species
that are being assessed at the coagiem levels CR (critically endangered), EN
(endangered) and VU (Vulnerable), especially especially gymnosperms and orchids.
The valuable species, both economically and for conservation, can be mentioned, such
as Nghien(Excentrodendron tonkinensand Tai (Garcinia fagraeoides Kim Giao
(Podocarpus fleuryisndNgoc Am (Cupressus torulosus, C. funebi®) mu(Fokienia
hodginsii),Thong Pa c@Pinus kwangtungengiBach vangCupressus viethamenkis
Tue(Cycas spp.)l.an hai(Paphiopedilum spp. Binh voi (Stephania spp. é

(7). Fauna



Due to the diversity andpecial topography, the fauna on limestone mountains
also has many unique characteristics. As for the fauna, due to the difficult and complex
terrain, the fauna also has its own characteriséspgcially the species capable of
moving independent of the ground such as primates, squirrels, birds, bats, etc. ... and
species whose life depends heavily on caves and crevices created on limestone such as
bats, snakes, swallows,...

According MARD (2006) the richest biodiversity is bats of the order Chiroptera
with about 50 species living in large caves; The order Primates has 16 species and
subspecies, including endemic species on limestone mountains such as: Douc langur
(Trachypethucus trancoisii delaari), langur Trachypithecus trancoisii phicepha)ys
snubnosed monkey Rhinopithecus avunculysgibbon (Hylobates concolor); The
order Carnivora has 8 species suclsas bears, civets and wildcats; The order Even
toed clogs (Artiodactyla) have 5 spesisuch as musk deer, gills, chamois, wild boar
and salamander; The most diverse order of bird is the Passeriformes and endangered
species such as white pheasawoiphura nycthemedawild boar owl Phodilus badiug
magpie Pica picg, white-tailed bluetailed chickenl(ophura hatinhensjs There are
17 species of amphibians and reptiles, of which the king c@phigphagus hanngh
is endemic and has high economic value, and the ydilonted box turtle
(Cistoclemmys galbinifronsand the golden mounteturtle (ndotestudo elongajaare
species of endangered species. In the endangered status, all 17 species are rare species
listed in the Red Bookand CITES The four major insect orders are the order
Lepidoptera, the order Coleoptera, the order Ortma@ed the order Diptera, in which
the indicator species belong to the subfamily of Ladybugs (Cassidinae), Family leaf
beetles (ChrysomelidagColeoptera) and mantises (Mantis religiosa).

The flora and founa in the sty sites is shown in the Table 4

Table 4 Summary of flora and founa in the study site

Cham Chu Bac Me Phia OacPhia | Nam Xuan Lac
Den
Flora 906 species belongin 625 speciey 1287 speciey 653 specieg
to 425 genera, 13| belonging to 38§ belonging to 786] belonging to 44(
families, 5 phyla genera, 141 genera, 163 familie§ genera, 1472
(2009) families, 5 phylal 6 phyla (2013 an¢ families, 4 phyla
(2015) 2016)

Endanger +58 Endangere( +VN Red Book| +VN Red Book| + VN Red Book
ed plant species belonging t| 2007: 36 specie|] 2007: 88 specie| 2007: 50 specie
species | 95 genera, 36 familie| (EN=12; VU=24); (CR=4; EN=33;| (Animals 15; Birds

+VN Red Book 2007| +IlUCN 2015: 23| VU=48; LC=3); 9+; Reptiles 4+)

43 species, 40 gener species  (EN=2| +lUCN 2015: 23| +lUCN 2015: 9

30 families VU=3; LR=3; | species (EN=2| species (Reptile
LC=14; NT=1); 2+)
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+IlUCN 2009: 23| + Decree| VU=3; LR=3;| +ND32/CP: 54
species belonging t| 32/CP/2006: 24 LC=14; NT=1); species

25 genera, 1¢ specis (IA=5; | +Decree

families; I1A=17) 32/CP/2006: 23

+ND32/CP/2006: 1€ species (IA=11;

species beloging to [1A=12)

15 genera, 15 familie

Fauna |91 species, 41 194 species, 6{ 496 species, 9| 88 species, 3{
families, 15 orders | families, 23 orderg families, 27 ordery families (2016)

(2016)

Mammal | 33 species belongin| 44 ecies| 108 specieg 29 specieg
to 15 families, 5 belonging to 18 belonging to 27 belonging to 12
orders families, 7 orders | families, 8 orders families, 4 orders

Bird 47 species belongin 104 specieg 302 speciey 47 species
to 19 families, § belonging to 29 belonging to 51| belonging to 21
orders families, 12 orderg families, 15 orders | families, 9 orders

Reptile 11 species belongin| 22 specieg 52 species belongin 12 species
to 11 families, 2 belonging to 9 to 10 families, 2 belonging to 6
orders families, 2 orders | orders families

Amphibi - 24 specieg 34 species belongin -

an belonging to § to7 families, 2 order:

families, 2 orders

Fish - - - -

Endange +VN Red Book 2007| +VN Red Book| +VN Red Book| +VN Red Book

red 31 species (Mammg 2007: 22 specie| 2007: 51 (Mamma| 2007: 23

animals 20; Bird 3; Reptile 8); (Mammal 15;| 30; Bird 6; Reptile (Mammal 12; Bird
+lUCN 2015: 18| Birds 1; Reptiles 5| 12; Amphbian 3) 6; Reptile 5)
species (Mammal 1§ Amphibian 1); +ND32/CP: 41] +ND32/CP: 21
Bird 1; Reptile 4); +lUCN 2015: 18| species (Mammal 24 species (Mamma

species (Mamma Bird 9; Reptile 10); | 13, Bird 3, Reptile
10; Bird 0; 5);
Reptiles 4, +IUCN: 21 species
Amphibian  4); (Mammal 13; Bird
+ND32/CP: 22 5; Rept||e 3)’
species (Mamma
15; Bird 2; Reptile
5);

Note:

+ IUCN: EX: Extinct; EW:

+Vi et

nam Red

(Vulnerable);LC.

SourcesDARD Tuyen Quang, 2014; DARD Ha Giang, 2016; DARD Cao Bang, 2017;.

UBND Bac Kan, 2013.

Etinct in the wild; CR:Critically endangeredEN:
Endangered; VU: Vulnerable; LRower risk DD: Thi/u d li" u (Data dificient);NE:
Not evaluated.
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The main characteristics of species diversity for Cham Chu NR, Bac Me NRQ&hia
Phia Den NP and Nam Xuan Lac NR are presented as follows:

1). Flora: In terms of spexs, Phia Oa®hia Den NP has the largest number of species
(1287 species belonging to 786 genera, 163 families, 6 phylums), equal to 1#h@eof

in Cham Chu NR906 species belonging to 425 genera, 136 families, 5 phylums) and
about 545% othosein BacMe NR (91 species, 45 families, 15 orders) and nearly 564%

of thosein Nam Xuan Lad\R (906 species belonging to 425 genera, 136 families, 5
phyla). POPD has up to 6 phylancludinggymnosperngalpine regions), compared with

5 phyla(Cham Chu, Bac Me) an4 phyla (NamXuan Lac). Regarding the number of
endangered species: Phia ta Den Nhas the largest number of species (90 species)
significantly larger than Cham Chu (58 species), Nam Xuan Lac (50 species) and Bac Me
(36 species).

2). Fauna Regardng the number of specieBhia OaePhia Den NPhas the largest
number of species (496 species, 95 families, 27 orders), equal to 2568s®inBac

Me NR (194 species, 64 families, 23 orders), and 545%hade inCham ChuNR (91
species, 45 families, 1&rders) and nearly 564% tiiose inNam Xuan Lad\R (88
species, 39 families). Regarding the numbeemdangeredpecies, according to the
Vietnam Red Boolk?hia OaePhia Den Nas the largest number of species (51 species)
significantly larger than Cima ChuNR (31 species), Nam Xuan L&R (23 species) and
Bac MeNR (22 species).

2.3.2. Socioeconomic condition of study areas
(). Protected areas system in Vietham

According to the Vietham Environment Administration (MONRE, 2020), the system of
protectedareas in Vietham can be divided into three groups: (i) The system of special
use forests (according to the 2017 Forestry Law); (ii) System of Nature Reserves
(according to the BD Law); (iii) The system of marine Nature Reserve (according to the
Law on Fieries 2017 and the Law on Biodiversity 2008); (iv) Wetland Nature Reserve
system according to Decree No. 66/2019/QP (July 29, 2019) and the Law on
Biodiversity.

According to the national master plan on speassd forests to 2020, with a vision to

2030 (Prime Minister/Thu tuong, 2014), the speaigke forest system covers
2,462,592.33 hectares out of a total of 14.6 million hectares of forested land, with 176
specialuse forests, including 34 national parks, 133 nature reserves (nature preserves,
specis and habitat conservation areas and landscape protection areas) and 9 scientific
research and experimental forests (See T@blietham's specialise forest system is
distributed over all local ecological zones and the study sites (Cham Chu, Bac #e, Phi
OacPhia Den and Nam Xuan Lac) are part of this Speal Forest system.
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Table 5. Thespeciatuseforestsystendividedby typein Vietnam

National Nature Research
No Region park Reserve Forest Sites Total
(number) (number) (number)
1 | North West 12 1 13
2 | North East 7 40 3 50
3 | Red River Delta 4 9 2 15
4 | Central North 5 22 1 28
5 | Central Coasts 18 19
6 | Tay Nguyen 6 9 1 16
7 | South East 6 9 1 16
8 | Mekong Delta 6 13 6
Total 34 133 9 176

SourceTh, t <@g (Prime Minister), 2014.

The develoment history of protected areas in thedgtaites is presented in Tal@leThe

process of establishing a protected area usually includes the following steps; i). The

project proposal for developing a protected area, including the biodiversity value; ii).
Adjustment of protected areas/speciaé forests in the planning of 3 types of forests
(specialuse forests, protection forests and production forests); iii). Planning and

sustainable development of the protected areas, including consolidating the entire

management apparatus. In fact, since 201rh@nization andnanagemenboard are
been improved, so the works of forest protection and biodiversity conservation are

implemented.

Table 6. Development history of protected areas for study sites

Cham Chu

Bac Me

Phia OacPhia
Den

Nam Xuan Lac

Decision on
establishmen
of protected
areas

+2001: Project proposi
to develop Cham Ch
specialuse forest
(1536/QDUBND)
+ 2008: Establishment ¢
Forest Ranger District fg
Cham Chu Specialse
(408/QDUBND)

+2012: Adjusting forest
protection ano

development  planning

+1994:
Establishment
of Bac Me
Nature Reservs
by Ha Giang
province
(648/QD)
+2013:
Adjusting the
planning for 3
types of forests

+2013:
Establishment o
POPD NR by
Cao Bang
province (10,261
ha) (1502/QD)
+2015: Adjusting
the planning of &
types of forests
including NR

+2004: Project
proposal to develo
Nam Xuan Lac NR
(342/(D-UB)
+2007:
Establishment
Management
Board of Nam
Xuan Lac NR (corg
1,788 ha, buffe

0
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including Cham Chy including NR| (10,593 ha) 7,508 ha)
specialuse forest (area: 9016.3| (415/QD) (342/QDUB)
(1770/QD) ha in 3 +2007: Adjusting
communes) the planning of 3
(1981/2013) types of forests if
Bac Kan province
including the NR|
(757/2007/QDB
UBND)
Conservation +2014: Report fol +2016: Repor{ +2017: Report orf 2012: Report or
Planning anq Planning for conservatio| on conservatior the detailed Conservation ang
sustainale and sustainabl{ and sustainabl({ planning of| Sustainable
development development of Char development | transforming P©| Development
Chu NR until 2020 planning of Bad PD natural reserv| Planning of Nam
(734/QDUBND) (total | Me naturall into POPD NP (5| Xuan Lac NR for
15,262.3 ha (Ham Ye|reserve until communes/towns| the period 2013
district:  6,168.4 ha 2020 2020
Chiem Hoa district
9,093.9 ha).

In terms of functional zoning, these study sites have a small area, from mo80h@&n
hectaresBac M@, to more than 10,000 hectares (Phia ©Bhbia Den)up to more than
15,000 hectares (Cham Qrand the largest is more thA8000 ha Nam Xuan Lagand

theyare divided into functional zones such as Syrietotected Ecological Restoration
and Administrativeservice Areas (See Table 7). However, this boundary is often not
clearly defined in the field, so people have easgs&to them that make the management

and protection of forests in tipeotected areas difficult

Table 7. Some main characteristics of protected areas in the study sites

Features Cham Chu|Bac Me (Ha|Phia OacPhia | Nam Xuan Lac
(Tuyen Giang) Den (Cao| (Bac Kan)
Quang) Bang)

Official name | Cham Chu Bac Me Natureg Phia OaePhia| Nam Xuan Lag

and year of| Reserve ol Reserve, Den National Reserve of

establishment Species  an( (1994/2016) Park Species an(
Habitat (1994/2018) Habitat
Conservation Conservabn
(20012014) (2003/2018)

Area (ha) 15,5909 8,791.80 10.593,4 18,504

(strictly

protected/Ecolo | (10,757.6/3,86 (4.035,5/6.417, (2.547,04/1.586

gical 2.2/6425) 1/140,9) ,12/9,04

Restoration/Ad

ministration)
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Administrative | Yen  Thuan, Lac Nong, Minh| Thanh  Cong| Ban Thi, Domgy
unit Phu luu (Ham| Ngoc, Thuong Quang Thanh| Lac, Xuan Lag
(commune/distri | Yen district),| Tan (Bac Me Phan Thanh| (Cho Don
ct) Ha Lang,| district) (3| Hung Dao, Tinh district) (3
Trung Ha, Hog communes) Tuc  (Nguyen communes)
Phu (Chiem Binh district) (5
Hoa district) (5 communes/tow
communes) n)
Population 15.913 year| 9.198 fear| 8.289 (yean 7.608 (11/2012
(people) 2014) 2014) 2016)
Main ethnic | Tay (60%), Tay (42%), Dao (47,2%), Da o, mong,
group Dao (22%), H éndng (41%), Nung (20,3%), Tay, Nung, Hoa
Kinh (12%) Dao (10%),| Kinh  (17,8%),| (90%), Kinh
Khéc (6%) Kinh (3%),| Tay  (13,8%), (10%)
(year2014) others (1%) H 6 mg (0,9%) | (11/2012)
(year2014)

Sources: DARD Tuyen Quang, 2014; DARD Ha Giang, 2016; DARD Cao Bang, 2017;.
UBND Bac Kan, 2013.

In terms of admmistrative management, these protected ameasisually located in the
administrative areas of 3 communes (Bac Me, Nam Xuan Lac) or 5 communes/towns
(Cham Chu, Phia OacPhia Den). The locauthoritydirectly managing thesdature
Reserves ahNational Parks the People's Committees communes and towns in the
sites in which the Commune People's Committee is the lowest administrative unit in
Vietnam (there are 4 levels, including national and provindiatrict and commune).

The villagesare considered as extention of the commune and the village heads are
responsible for administrative worts support the inhabitants of the villages.

In terms of population, in principle there are no people living in the protected areas, but
people only We in residential areas of the communes outside the protected areas
boundary. Population and population density are quite low because most protected areas
are located in mountainous and remote areas. The main ethnic groups in these communes
are ethnic pgae, which are mainly Tay, Mong, Dao and some other ethnic minorities.

2.3.3. Landuse

The current land use status for the study sites is presented in Table 8. Most of the protected
areas are covered by forests, respectively 97.0%, 788%0 and 77.4% i@ham Chu
ReserveBac MeReservePhia OaePhia Den National Park and Nam Xuan Raserve

Of these sites, the largest areas of forest on limestone mountains is in Nam Xuan Lac NR
(7,219 ha), in Cham Chu NR (2,145.9 ha) and Bac Me NR (1,014.45 ha).
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Table 8.Landuse in the study sites

Land use/Forest types Cham Chu Bac Me Phia ICD):rc]-Phia Nam Xuan Lac
I. Forested land 15,119.7 6,649.81 8883.9 14,316
1. Natgral forest in terrestrial 12,923.8 4,620.30 7841.7 6.389
mountains :
Mixed wood forest + bamboo 12.89 1791.3 1,761
Rich forest 1280.0
Medium forest 812.94 331.2 600
Poor forest 2,543.00 - 96
Rehabilitated forest 1,251.47 4439.2 3,932
2. Forest on limestone 2,145.9 2,014.45 278.1 7,219
Rich forest on limestone 1,864
Medium forest orlimestone 62.11 264
Poor forest on limestone 825.19 4,903
Rehabilitated forest on limestone 1,127.15 188
3. Forested plantation 49.9 15.06 764.1 708
Young plantation 49.9 15.06 764.1 708
Il. No-forest land 143.1 1,771.91 1678.6
1.No-forest land in terr. mountains 90.1 1,661.78 1,678.6 2,552
Bareland with bushes (la, Ib) 90.1 702.51 1085.7 916
Bareland with wood regrowth (Ic) 959.27 592.9 756
2. No-forest land on limestone 53.0 110.13 60
Bareland with bushes (la, Ib) 53.0 25.67 60
Barelnd with wood regrowth (Ic) 84.46
1. Other land 328.7 370.08 30.9 1,636
Other land 92.9 7.11 367
Agriculture 235.8 362.97 1,269

Total 15,590.9 8,791.80 10593.4 18,504

Sources: DARD Tuyen Quang, 2014; DARD Ha Giang, 2016; DARD Cao Bang, 2017;.
UBND Bac Kan, 2013.

Table 9. National conservation and development policies

Main policy Law Strategy Planning Plan/Action plan
1.Sustainable | Planning Law| Agenda 21 (2004); Implementation plan fo
development | (2018) Sustainabale the 2030 Agenda fo
development strateg Sustainable Developme
for 20112020 (2011); (17 SDG) (2017)
Socid-Economic
Development  Stratg]
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for 20112020; Green

Growth Stratgy (2013)
2 Biodiversity | Biodiversity | Biodiversity Strategy | National Reforestation Prograr
conservation | Law (2008) Biodiversity (327/661, 5 million ha o

Planning (2013)| forest)

3.Forest Forestry Law| Strategy for Decree for payment (¢
protection (2018) development of forest environmenta
and National Parkg2006) servicef Nn 99)
utilization

Table 10. Conservation and development policies for the study sites

Main policies Cham Chu Bac Me (Ha | Phia OacPhia| Nam Xuan Lac (Bac
(Tuyen Quang) Giang) Den (Cao Kan)
Bang)
1.Sustainable | Action plan for Action plan for | Action plan of
development | implementation ol implementation | Cao Bang
National action | of National Provincial
plan for action plan for | People's
implementation of | implementation | Committee to
the 2030 Agenda| of the 2030 implementthe
for Sustainable | Agenda for 2030 Agenda
Development Sustainable for Sustainable
(2017) Development Development
(2017) (2018)
2.Biodiversity | Biodiversity Biodiversity Biodiversity Biodiversity conservation
conservation | conservation conservation conservation planning of Bac Kan
planning of planningof Ha | planning in Cao | province to 2020,

Tuyen Quang
province in the
period of 2013
2020 and
orientation to
2030 (2013)

Giang province
to 2020,
orientation to
2030 (2015)

Bang province
to 2020,
orientation to
2030 (2014)

orientation to 2030 (2017
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3.Forest Adjustment of the| Planning for Forest -Forest protection and
protection and | planning for conservation protection and | development planning in
utilization forest protection | and sustainable | development Bac Kan province for the
and development| development of | planning in Cao | period 20092015,
in Tuyen Quang | specialuse Bang province | orientation to 2020 (2009
proyince for the fo_rests in H.a in the period of -Plan to implementre 3
period 2011 Gla_ng provine | 2013-2020 year program of
2020, until 2020 (2015) sustainable forestry
supplementing th¢ (2016) development in Bac Kan
planning up to province (2018020)
2025 (2016) (2018)
4. Policy for | Planning for Planning for Decision to -Planning for conservatior
nature reserve | conservation and| conservation establish Phia | and sustaiable
and national | sustainable and sustainable | OacPhia Den | development of Nam Xua
park development of | development of | National Park, | Lac Species and Habitat
Cham Chu habita] specialuse Nguyen Binh Conservation Reserve, Bi
and species forests, district, Cao Kan province in the periog
conservation including Bac | Bang province | of 2013- 2020 (2018).
reserve (2014) Me Nature (2018) _Decision on establishmel
Reserve (2016) of Nam Xuan Lac Specieg
and Habitat Conservation
Reserve (324/QMBND,
March 17, 2004)
2. 4. $Spupaseaihd subjects

- To provide and manage baseline spatial database for all other research groups with

purpose to integrate their results;

- To study land cover/land use change and its causes derived frorresonmmic
development in the northern naain region of Vietnam;

- To develop the maps of ecosystem services to support policies for biodiversity
conservation and sustainable development in the region;

- To technically support biological groups for managing their spatial data for species
distribution maps upon their requirements and needs.
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2.5. Materials and methodsand time frame
2.5.1. Document, materials, data, map and remote sensing images acquirement

(1) Document and secondary data collection

Documents and data needed to be collected relatdestudy sitesnclude: 1).
Local (provincial, district) policies and legal documents on secmnomic
development, land use, biodiversity conservation/forest protection, payment for forest
environmental services; 2). Scientific reports related to | lam@cioeconomic
development (province, district, commune), land use, biodiversity conservation/forest
protection, payment for forest environmental services; 3). Documents relating te, socio
economic planning, conservation, use and exploitation of naesalrces related to
the study area; 4). Statistical data on sa@monomic situation, forest protection,
afforestation and forest exploitation, payment for forest environmental services related
to the study area.

(2) Collection and acquirement of digital mafes study sites

Digital maps relevant to the study site are collected and purchased, including: 1).
Land use maps/forest status maps of the 4 provinces (Tuyen Quang, Ha Giang, Cao
Bang, Bac Kan) corresponding to the NRs/National Parks in the study arehuke
maps, forest maps of study areas, especially digital maps of the forest database of
Vietnam managed by the Ministry of Agriculture and Rural Development (e.g. Sector
Data System forestry at http://maps.vnforest.gov.vn/vn); 2). Planning and cdiaserva
maps for the NRs/National Parks in the study area; 3). Other relevant background maps
(administration, topography, climate, soil, hydrology ...).

This information supports satellite image mapping and analysis of landuse and
changes for the study site.

(3) Collection and acquirement of remote sensing images

Data sources for land coviand use mapping in this research are US Landsat
Images taken over the area of theites. These images are free and downloaded from
the United States Geological Survey (USGvebsite: https://earthexplorer.usgs.gov. A
series of 24 Landsat scenes since 1980s was downloaded for quality evaluations. For
each research site, a set of 4 Landsat scenes (MIgAe 10 years interval was finalized
for land covetfland use interpreteon and analysis. These images have least effects of
atmospheric conditions (haze, cloud cover) to ensure quality, and have similar
times/seasons of acquisition for compatible identification of land ¢deed use types.
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Table 11. Basic information of.andsat images obtained for the research

Spatial No. of

Year | Satellite Scene/ Image ID .
resolution | bands

Cham Chu and Nam Xuan LacReserve

1986 | Landsat5 | LTO5 L1TP_127045 19860701 20170221 01_T1  30m 7
(for Cham Chu Reserve)

1989 | Landsat5 | LTO5 L1TP_ 127045 19891130 20170201 01 _T1) 30m 7
(for Nam Xuan Lac Reserve)

1998 | Landsat 5 | LTO5_L1TP_127045 19981107 20161220 01 T1  30m 7
2007 | Landsat 5 | LTO5_L1TP_ 127045 20070524 20161115 01 _T1  30m 7
2017 | Landsat 8 | LCO8_L1TP_ 127045 20170604 20170615 Ditar|  30m 7

Bac Me Nature Reserve and Phia OaPhia Den National Park

1988 | Landsat 5 | LTO5_L1TP_127044 19881111 20170221 01 _T1  30m 7
1998 | Landsat5 | LTO5_L1TP_ 127044 19981022 20161222 01 T1  30m 7
2009 | Landsat 5 | LTO5_L1TP_127044 20091105 20161018 01 Tl  30m 7
2019 | Landsat 8 | LCO8_L1TP_127044 20190930 _20191018 01 _T1  30m 7

(Sourceshttps://earthexplorer.usgs.gqv

These Landsat scenes have been subsetted for the area of study sites.
2.5.2. Methods used

2.5.2.1. Desk study

To facilitate the study on land use/land cover change and ecosystem services, all
documents and data collected are classified and used according to the content,
timeline and type as follows: 1). Policy system on biodiversity/forest resource
conservation, environmental protection, seee@mnomic development and response to
climate change; 2). Reports on ecosystems and biodiversity at local protected areas;
3). The documents directly relatedsimdy sites

2.5.2.2. Methods of remote sensing,35dnd cartography

Remote sensing method is used to acquire the remote sensing imagery, interprete
and analyse and develop map of land use change. Specifically, this method will apply
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for Cham Chu, Bac Me, Nam Xuan Lac Nature Reserves and Phi2l@datDe
National Park.

For each study site, 4 times of remote sensing image were selected, namely years
of 1986, 1998, 2007 and 2017 for Cham Chu and Nam Xuan Lac Nature Reserves,
and years of 1988, 1998, 2009 and 2019 for Bac Me Nature Reserve and Rhia Oac
PhiaDen with a time interval of about 10 years to be able to assess land use changes
for 30 years.

GIS and cartography methods are also used to present the resulted map.

Land cover mapping for Cham Chu, Bac Me, Nam Xuan Lac Reserves and Phia
Phia OacPhia Den national park from remote sensing images

The methodology that was used to create the baselinetad map of the
reserve is divided into two parts, a methodology for carrying out the ground surveys
and a methodology for classifying the satellite gexy into the lanetover classes.

a) Ground survey data collection

Two field surveys were carried outéach study sitby a team of scientists
consisting of GIS specialists, and geographers. During the field surveys, a Garmin
GPS receiver was used &cord coordinates of survey points and tracks. These points
and tracks were imported to ArcView GIS software for the purpose of mapping visited
areas.

At each survey point picture(s) of the survey location was taken, and vegetation
in the area was idenigd. The aim of the ground surveys was to collect land cover
data over the area. This data was used to classify the satellite imagery into the
different landcover classes and also to verify the accuracy of thedawer maps
produced.

b) Remote sensirignd cover map development

In order to develop a land cover map of the area from the satellite image and the
ground survey data, a number of steps were followed. The steps are briefly described
below:

- The ground survey data was organized into a databifts¢he following
fields: the point identification, the location of the GPS point (in easting and
northing) and distanced point(s) (calculated from distant from GPS location
and bearing to the North), a description of the Jaader in the immediate
vicinity of the point and the distanced point(s), a picture of the point and
distanced point(s).

- A base map of the area was collected and transformed to UTM Zone 48,
WGS84 datum.

- The satellite images were rectified to the base map, so that the ground survey
data can be located on the images.

- Examples of each lancbver class were identified on the image and "training
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sets" for the computer to use in classifying the image were created.

- A supervised classification of the satellite images was done. This divided the
area on the satellite image into the lanwver categories decided upon during
the field survey.

- An accuracy assessment of the classified satellite image was done.
- Landcover maps for the area were created.

- A statistical analysis of the land cover for trea was completed. This
analysis acts as a baseline for any future monitoring ofdamdr change
within the area.

c) Remote sensing imagery classification

The classification of landover in the study area is based both on the structural
appearance othe vegetation and on ecological processes. The classification is
dependent on the experience of the researchers and on technical limitations, such as the
satellite image resolutiohThese two variables ultimately define the detail of the
classification.

During fieldwork, it was recognized that the laoover could be divided six
classes. These classes are (1) Close forest; (2) Open forest; (3) iRedhwith small
woody treeand grass; (4) Open bare land; (5) Irrigated rice paddy; and (6) Water. A
shortdescription of each of these classes follows:

Class 1Close forest: this is both primary forgstich as tropical humid evergreen
forest and subtropical humid subtropical evergreen forest on terrestrial land and
limestone) which is only found within theeserve, and secondary, or disturbed forest
which has human impacts (swiddening and/or selected logging) long time ago. In most
places where this type of forest exists it has naitiries woody trees, large canopy and
cover most of ground surface.

Class2: Open forest: this is regenerated forest as results of human explaifation
evergreen broatkavedforest. This type of forest has only one story and is dominated
by medium woody tree mixed with bushes and low coverage. It can be found in former
uplandareas or cleacut areas after-10 years, and in low hills closed to residential
area in the form of wellleveloped plantation.

Class 3: Bush mixed with small woody tree, vines and grass. Thistaed type
can be found everywhere in the buffer zoneghef reserve. This is resulted from the
continuous impact of humans on primary forest or regenerated forest.

Class 4: Open bare land. This type of land cover associates with human agro
forestry activities. As a result it has no vegetation coverage. Thisctarer type can

1 As an example, because the final lammer map will be derived from satellite imagery with a resolution of 30
meters on the ground, there are limitations regarding how detailed the finablagrdmap can be, and only
land-cover patche of greater than 60 x 60 meters will be reliably classified.
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be found in areas where are newly harvested agriculture field, and forest/plantation
has been clear cut or burned down.

The other lanecover classes are class 5 (paddyigated rice paddy) and class 6
(wateri lakes, large streams andears).

® July 2019 GPS points
® Dec2019 GPS points
N /\/OPStracks
River

| 1500-1600m

Unavailable elevation data

“Phan Thanh

July 2020 GPS points.
/\/ July 2020 GPS tracks
/\/ Rwver stream
[ Commune border

Elevation (m)
[ ]1201- 1346
[ 1055 - 1200
. 9121056

677- 911
T 623- 766
L) a78- 622
B 33- 477
. 189 333
s

Elevation (m)
[]1722-1916

163- 357

4 Kilometers

Figure 3. GPS points and tracks collected during the field research for study sites
(Cham ChuReserve Bac MeReserve Phia OaePhia DenNational Parkand Nam

Xuan LacReservg

2.5.2.3. Benefits transfer method for ecosystem servicaaiin

The general methodology to estimate ecosystem services (provisioning,
regulating, supporting and cultural) is to combine methods of remote sensing, GIS and
value transfer method and descriptive statistical methods, used for research sites.

One of he methods of evaluating ecosystem services, which are applied to the
assessment of an overall ecosystem service, in the context of limited data and
resources, is the value transfer method or benefits transfer nfeteokfits transfer
method (BT) is shid-cut method for generating economic value estimates for

2 Seehttp://www.aboutvalues.net/method_database/
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ecosystem services based on the use of appropriately adjusted primary valuation
estimates from other studies.

This method can be applied to estimate all the ecosystem services, but the use of
this method depends on the location of the study site and the objective of the
evaluation. The strength of this approach is generally lower cost with quantitative
studies that collect primary data, which are conducted relatively quickly and can be
used as a prevaluation technique before carrying out larger studies. The limitation of
this method is that it depends much on the results of available studies, which are
suitable or similar to your study site, as with the nature reserve or national park.

The linkagebetween ecosystem services being (provisioning, regulating,
supporting and cultural) and human wedling are presented Figure4 below.

CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES Security
R PERSONAL SAFETY
Provisioning SECURE RESOURCE ACCESS
FOOD SECURITY FROM DISASTERS

FRESH WATER
WOOD AND FIBER
FUEL
| Basic material

\ for good life Freedom
. ADEQUATE LIVELIHOODS of choice
Supporting Regulating gﬁEF!&IENT NUTRITIOUS FOOD and action
CLIMATE REGULATION L
NUTRIENT CYCLING OPPORTUNITY TO BE
ACCESS TO GOODS
SOIL FORMATION FLOOD REGULATION ABLE TO ACHIEVE

WHAT AN INDIVIDUAL

PRIMARY PRODUCTION HEfE R e,
- WATER PURIFICATION

VALUES DOING
Health AND BEING
STRENGTH
FEELING WELL
ACCESS TO CLEAN AIR
AND WATER

Cultural

|
|
|
|
AESTHETIC |
SPIRITUAL |
EDUCATIONAL ‘

RECREATIONAL Good social relations

SOCIAL COHESION
MUTUAL RESPECT
ABILITY TO HELP OTHERS

LIFE ON EARTH - BIODIVERSITY

Source: Millennium Ecosystem Assessment

COLOR WIDTH
Potential for mediation by Intensity of linkages between ecosystem
socioeconomic factors services and human well-being
Low —— Weak
Medium C——1 Medium
Il High [ strong

Figure 4. The linkage between Ecosystem Service and Humarb®@fet (MA, 2005)

The method of value transfer (Rulfide Groot et al., 2012, Table 1, page 55) is used to
calculate the Indexes of ecosystem services (provisioning, regulating, cultural and
supporting) for different types of land use (Close Forest, Open Forest, Bush,
Agricultural land/Paddy, Fresh watéo) study sites (Cham Chu NR, Bac Me NR, Phia
OacPhia Den NP and Nam Xuan Lac NFSpome indexes/functions not defined by de
Groot et al., (2012) were added from the methodology developed by Costanza et al.,
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(1997: Table 2, p 256) for Function for Pollirat (regulating ecosystem service) for

the land use type is Agricultural land/Paddy. The index/function of the ecosystem
service provided by the agricultural land/Paddy land use type is estimated from the
statistics of production value (VND converted to)$er 1 hectare of arable land.

Tablel2 presents monetary values for provisioning ecosystem service per land use type
(Close forest, Open forest, Bushes/Grassland, Bushes/Grassland, Bareland,
Agricultural land / Paddy, Fresh water) derived from anslgéremote sensing image

for study sites

Table 12. Summary of monetary values for provisioning ecosystem service (in

USD/halyear) by land use type ®&tudy sites

No Provisioning Ecosystem services by Value Source
landuse type (USD/halyear)
1 Close prest, including 1828 Rudolf de Groot et al.
+ Food 200| 2012: Table 1, p 55
+ Water 27
+ Raw materials 84
+ Genetic resources 13
+ Medicinal resources 1504
2 Open forest,including 1828 Rudolf de Groot et al.
+ Food 200| 2012: Table 1, p 55
+ Water 27
+ Raw materials 84
+ Genetic resources 13
+ Medicinal resotces 1504
3 Bushes/Grasslandjncluding 1305 Rudolf de Groot et al.
+ Food 1192| 2012: Table 1, p 55
+ Water 60
+ Raw materials 53
4 0
Bareland
5a Estimated for Cham Ch
3290* Reserve fromStatistical
Agricultural land/Paddy (Cham Chu yearbooks of Ham Ye
NR) and Chiem Hoa district
in 2017 (Tuyen Quang
province)
5b Estimated for Bac Mg
1340.8* Reserve from Statisticg
Agricultural land/Paddy (Bac Me NR) yearbooks of Bac Me
distric (Ha Gang
province)
5c Estimated for P@PD
Agricultural land/Paddy (Phia Oac-Phia 270*** national park  from
Den NP) Statistical yearbooks ¢
Cao Bang province)
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5d Estimated for Bac Me
2333,2 Reservefrom Statistical
yearbooks ofCho Don
Agricultural land/Paddy (Nam Xuan district for 2017F (53.5
Lac) million VND/ha huy n
Ch )
(AUSD=2D30 V N)n
(2333.2JSD)
Fresh water (River, lake), including 1914 Rudolf de Groot et al.
+ Food 106 | 2012: Table 1, p 55
+ Water 1808

* Values of cropland per hectare pgear for 2017 are mean values for Ham Yen and
Chiem Hoa districts.

Table 13 presents monetary values for regulating ecosystem service per land use type
(Close forest, Open forest, Bushes/Grassland, Bushes/Grassland, Bareland,
agricultural land / Paddy;resh water) derived from analysis of remote sensing image
for study sites

Table 13. Summary of monetary values for regulating ecosystem service (in
USD/halyear) by land use type &tudy sites

No Regulating Ecosystem services by| Value (USD/hal/year) Source
landuse type

1 Close forest,including 2529 Rudolf de Groot e
(i) Air quality regulation 12 | al., 2012: Table 1,
(i) Climate regulation 2044 | 55
(i) Disturbance moderation 66
(iv) Regulation of water flow 342
(v) Waste treatment 6
(vi) Erosion prevention 15
(vii) Nutrient cycling 3
(viii) Pollination 30
(ix) Biological control 11

2 Open forest,including 2529 Rudolf de Groot e
(i) Air quality regulation 12| al., 2012: Table 1,
(ii) Climate regulation 2044 | 55;
(i) Disturbance moderation 66
(iv) Regulation of water flow 342
(v) Waste treatment 6
(vi) Erosion prevention 15
(vii) Nutrient cycling 3
(viii) Pollination* 30
(ix) Biological control 11

3 Bushes/Grasslandjncluding 184 Rudolf de Groot e
(ii) Climate regulation 40| al., 2012: Table 1,
(v) Waste treatment 75 | 55; Costanza et al
(vi) Erosion prevetion 441 1997. Table 2, f
(viii) Pollination* 25| 256,
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Bareland

5 . . . 25 Costanza et al
Agricultural land/Paddy , including 25| 1997 Table 2, |

(vii) Pollination*

256,
6 Fresh water (River, lake), including 187 Rudolf de Groot e
(iv) Regulation of water flow 187 al., 2012: Table 1,
55

*Source: Costanza et al., 1997: Table 2, p 256,

Table 14 presents monetary values fapporting ecosystem service fend use type
(Close foest, Open forest, Bushes/Grassland, Bushes/Grassland, Bareland,
agricultural land / Paddy, Fresh water) derived from analysis of remote sensing image
for study sites

Table 14. Summary of monetary values for supporting ecosystem service (in
USD/halyeay by land use type fatudy sites

N Supporting Ecosystem services by | Value (USD/hal/year) Source

0 landuse type

1 | Close forest,including 39 Rudolf de Groot et al.
+ Nursery service 16| 2012: Table 1, p 55
+ Genetic diversity 23
Close forest,including 39 Rudolf de Groot et al.
+ Nursery service 16 | 2012: Table 1, p 55;
+ Genetic diversity 23
Bushes/Grasslandjncluding 1214 Rudolf de Groot et al.

+ Nursery service 2012: Table 1, p 55;

+ Genetic diversity 1214

Bareland NA

, NA Costanza et al.,, 199]
Agricultural | and/Paddy Table 2, p 256,
Fresh water (River, lake) NA Rudolf de Groot et al.

2012: Table 1, p 55

*Source: Costanza et al., 1997: Table 2, p 256,

Table 15 presents monetary values for cultural ecosystem service per dantype
(Close forest, Open forest, Bushes/Grassland, Bushes/Grassland, Bareland,
agricultural land / Paddy, Fresh water) derived from analysis of remote sensing image
for study sites

Table 15. Summary of monetary values for cultural ecosystem sdjvice
USD/halyear) by land use type f&tudy sites

No Cultural Ecosystem services by landuse Value Source
type (USD/halyear)
Close forest,including 867 Rudolf de Groot et al.
Recreation 867| 2012: Table 1, p 55

27



Open forest,including 867 Rudolf de Groot et al.
Recreation 867 | 2012: Table 1, p 55;
Bushes/Grasslandincluding 26 Rudolf de Groot et al.
Recreation 26| 2012: Table 1, p 55;
Bareland NA

Agricultural land/Paddy , including NA

Recreation

Fresh water (River, lake), including 2166 Rudolf de Groot et al.
Recreation 2166| 2012: Table 1, p 55

*Source: Costanza et al., 1997: Table 2, p 256,

Thus, the monetary values for the entire ecosystem serpicessjoning
regulating, cultural, supporting) by land use types for the stitiely @re presented in
the tables &, 17, 18 and 19

Table 16.Summary of monetary values for entire ecosystem services (in USD/hal/year)
by land use type for Cham Chu Reserve

Ent_ire ecosystem Value (USD/halyea)
No | services by landuse
type Provisioning| Regulating| Suppoting Cultural | Total
1 | Close forest 1,828 2,529 39 867| 5,263
2 | Open forest 1,828 2,529 39 867| 5,263
3 | Bushes/Grassland 1,305 184 1,214 26| 2,729
Agricultural

4 | land/Paddy 3,290 2> ] N
5 Bareland ) . . . -
6 | Fresh water/River 1,914 187 - 2,166| 4,267

Table 17.Summary of monetary values for entire ecosystem services (in USD/halyear)

by land use type for Bac Me Nature Reserve

Entire ecosystem Value (USD/halyear)

No serwcetsygg landuse Provisioning| Regulating| Suppoting Cultural | Total

1 | Close forest 1,828 2,529 39 867| 5,263
2 | Open forest 1,828 2,529 39 867| 5,263
3 | Bushes/Grassland 1,305 184 1,214 26| 2,729
i ooy m| | s
5 | Bareland - - - - -
6 | Fresh water/River 1,914 187 - 2,166| 4,267
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Table 18.Summary of monetary values for entire ecosystem services (in USD/hal/year)
by land use type for Phia Od&hia Den National Park

No Entire ecosystem Value (USD/halyear)

services by landuse typg Provisioning| Regulating| Suppoting Cultural | Total
1 | Close forest 1,828 2,529 39 867| 5,263
2 | Open forest 1,828 2,529 39 867| 5,263
3 | Bushes/Grassland 1,305 184 1,214 26| 2,729

Agricultural

25 - -

* | land/Paddy 270 295
5 | Bareland - - - - -

Table 19.Summary of monetary values for entire ecosystem se(inddSD/ha/year)
by land use type for Nam Xuan Lac Nature Reserve

No Entire ecosystem Value (USD/halyear)
services by landuse typ — - -
Provisioning| Regulating| Suppoting| Cultural | Total
1 | Close forest 1,828 2,529 39 867| 5,263
2 | Open forest 1,828 2,529 39 867 | 5,263
3 | Bushes/Grassland 1,305 184 1,214 262,729
Agricultural 25 ) )
4 | land/Paddy 2,333.2 2358
5 | Bareland - - - - -
6 | Fresh water/River 1,914 187 - 2,166| 4,267
2.6. Results

2.6.1. Landuse and landcover change

2.6.1.1. Landuse and landcover chgain Cham ChuReservealuring 19&-2017

(1). Landuse/landcover in the communes of Cham Chu Reserve during period-1986

2017

Cham Chu Nature Reserve is located in the administrative boundaries of 5 communes:
Trung Ha, Ha Lang and Hoa Phu in Chiem Hoa distien Thuan and Phu Luu Ham Yen

district, Tuyen Quang province.

The total area of the reserve is 15,262.3 ha, including 6,168.4 ha in Ham Yen district and
9,093.9 ha in Chiem Hoa district. The information related to forest cover is shown in Table 5.
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Table20 shows a breakdown of the lasdver in hectares and by percent for the classes
described above for the whole area

Table 20 Area of land covetand use of Cham Chu Nature Reserve

1986 1998 2007 2017
Land cover type
(ha) (%) (ha) (%) (ha) (%) (ha) (%)

Close forest 24,410 60.4% 23,962 59.2% 23,230 57.4% 25,786 63.8%
Open forest 6,199 15.3% 6,581 16.3% 5,806 14.4% 5,122 12.7%
Bush 4,017 9.9% 3,791 9.4% 4,573 11.3% 1,489 3.7%
Open bare land 3,456 8.5% 4,070 10.1% 4,165 10.3% 6,161 15.2%
Paddy 1,905 4.7% 1,854 4.6% 2,471 6.1% 1,775 4.4%
Water 160 0.4% 188 0.5% 115 0.3% 113 0.3%
Cloud cover 297 0.7% - 0.0% 86 0.2% - 0.0%

Total area] 40,445| 100.0%| 40,445 100%| 40,445 100%| 40,445 100%

The results for the lanrdover cassification of Cham ChReserve dring the last 40
years (1986017) indicate forest cover has not been changed much. It suggests that there are
large areas of the reserve, about 60%, that are still in evergreen forest, either primary
evergreen forest or secondary or disturbed evergmestf The areas of evergreen forest that
are far into the core of the reserve are most likely primary forest, probably some of the last
primary forest left in Vietnam. The evergreen forest that is closer to the edge of the reserve or
in the buffer area lsamost likely been selectively logged, or may even, in some cases, be
secondary forest that has grown back after a swiddening cycle. Looking at the derived
vegetation maps, it is easily seen that the amount of evergreen forest decreases as one moves
into the buffer area around the reserve.
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Land useéland cover in Cham Chu Reserve during
19862017 (ha)
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Figure 5. Land useland cover in Cham Chu Reserve during 12849 (ha)

Land useland cover change in Cham Chu
Reserve during 1988017 (%)
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Figure 6. Land usdand cover change in Cham Chu Reserve during 29889 (%)
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Figure 7. Evolution of land use anknd cover changér Cham ChuReserve during

19861 2017

(2). Landuse and landuse/landcover change by communes of Cham Chu Reserve
during period 19862017

Tables 21, 22, 23 and 24 show the current landuse/landcover for 5 communes in
Cham Chu Reserve for 1986, 1998, 2@dd 2007, extracted from analysis of satellite

images.

Table 21. Land use / Land cover for communes of Cham Chu Reservelf8a
Unit: Ha

No Commune Natural Area interpreted from remote sensing imagery (ha)
areas -
s | o | e v | e [ PO e o
| Ham Yen district 16445.7 988326 | 230481 | 180783 | 150687 81801 | 12483 0,09
Phu Luu 8913.87 516312 | 135783 | 103041 76113 53649 64.8 0,09
Yen Thuan 7531.83 472014 946.98 77742 74574 281.52 60.03 0
Il Chiem Hoa district | 23999.49 | 1452645 | 389466 | 220959 | 194931 108666 3555 | 297,27
Trung Ha 10285.29 654615 | 164529 75321 84222 44091 20.34 37,17
Ha Lang 7818.57 480555 | 133578 62892 566.37 22905 10.8 242,1
Hoa Phu 5895.63 317475 91359 827.46 54072 4167 441 18
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Total

‘ 40445_19‘ 2440971| 619947‘ 401242‘ 345618‘

190467 \ 16038 \ 297.36 \

Table 22. Land use / Land cover for communes of Cham Chu Reserve in 1998.

Unit: Ha
No Commune Natural Area interpreted from remote sensing imagery (ha) ‘
aErheaa)Is S%SS? grp :Sr}[ Bushes E?]rg g%réiu;gézg/ Water Others
| Ham Yen district 16445.7 924345 | 233883 | 163647 | 214461 93141 | 150,93 -
1 Phu Luu 8913.87 521199 | 124938 7434 | 104688 59931 62,91 -
Yen Thuan 7531.83 403146 | 108945 89307 | 109773 3321 88,02 -
Il | Chiem Hoa district| 23999.49] 1471806 | 424197 | 215478| 192510 92241| 3717| -
1 Trung Ha 10285.29 648918 | 168156 867.6 865.08 3654 16,47 -
Ha Lang 7818.57 5219.1 | 129078 59094 50535 19863 13,77 -
Hoa Phu 5895.63 300978 | 126963 69624 554.67 35838 6,93 -
Total 40445.19] 2396151 | 658080 | 379125| 406971 185382 | 18810 -

Table 23. Land use / Land cover for communes of Cham Chu Reserve in 2007.

Unit: Ha
No Commune Natural Area interpreted from remote sensing imagery (ha)
az:]eae)ls S:;SS? foo f:sr; Bushes | Bare lang ,;%r;?u;:;?j; Water | Others
| |Ham Yen district 16445.7 851571 270522 | 211608 | 185913 116604 8217 1,35
PhulLuu 8913.87 | 463887 137637 97524 119403 686.70 4221 0,45
Yen Thuan 7531.83 | 387684 132885 | 114084 66510 47934 39.96 0,90
I |Chiem Hoa district | 23999.49| 1471401 | 310068 | 245682 | 230607 130500 3240 84,51
Trung Ha 10285.29| 613197 134172 | 112554 | 103257 62820 15.39 9,90
Ha Lang 7818.57 522315 97938 64179 534.87 35523 9.90 74,25
Hoa Phu 5895.63 | 335889 77958 68949 73863 32157 7.11 0,36
Total 40445.19| 2322972 580590 | 457290 | 416520 247104 11457 | 85.86
Table 24. Land use / Land cover for communes of Cham Chu Reserve in 2017.
Unit: Ha
No Commune Natural Area interpreted from remote sensing imagery (ha)
areas (ha Agricultur
. ]S(:)IroeS; gf:s: Bushes |Bare land gl land/ | Water | Others
Paddy
| |Ham Yen district 1644%6.7 9514.17 2376.45 | 452.25 | 3222.45| 788.76 91,62 -
1 |PhuLuu 8913.87 5249.34 942.57 264.42 1949.40 | 466.74 41,40 -
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2 |Yen Thuan 7531.83 4264.83 | 1433.88 | 187.83 | 1273.05| 322.02 50,22
Il |Chiem Hoa district| 23999.49 | 16271.46 | 2745.63 | 1037.07 | 2938.32 | 986.13 | 20,88
Trung Ha 10285.29 6208.38 | 1359.72 | 629.82 | 1624.41 | 455.58 7,38
Ha Lang 7818.57 5893.92 769.68 260.73 662.67 223.83 7,74
Hoa Phu 5895.63 4169.16 616.23 146.52 651.24 306.72 5,76
Total 40445.19 | 25785.63 | 5122.08 | 1489.32 | 6160.77 | 1774.89 | 112.50
Land use / Land cover by commune of Cham Chu Land use / Land cover by commune of Cham Chu
Reserve in 1986 Reserve in 1998
Hoaphy NN HoaPh: W
Halang [ — i Halang [ 1
Trung Ha [ — | Trung Ha ]
Yen Thuan ] YenThuan [ ]
Phuluu | Phuluy I — |
0 2000 4000 6000 8000 10000 12000 0 2000 4000 6000 8000 10000 12000
H Close forest m Open forest = Bushes | Bare land M Agricultural land/Paddy ® Water m Close forest m Open forest = Bushes - Bare land M Agricultural land/ Paddy m Water

Land use / Land cover by commune of Cham Chu
Reserve in 2007
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Land use / Land cover by commune of Cham Chu
Reserve in 2017
HeaPhu [ N
Halang [
Trung Ha
[EE— | |
Phuluu

2000

Yen Thuan

8000

o

4000 6000 10000 12000

M Close forest ® Open forest = Bushes ' Bare land W Agricultural land/ Paddy ™ Water

Figure 8. Land usdland cover in Cham Chu Reserve by commune during-2088

(ha)

(3). Landuse and landuse/landcover change by altitude of Cham Chu Reserve during

period 19862017
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Table 25. Land uséd Land cover by altitude oft@am Chu Reserve in 1986

Unit: ha
. Close Open Bushes Bare | Agricultura | Water | Others
Altitude
(m) forest forest land I Total
land/Paddy
0-100 885.82 806.09 1,538.35| 1,042.98 1,050.63 130.8 8.54 5,463.22
100- 200 3,602.55| 2,727.10 1,545.81| 1,049.39 507.22 26.3 14.63 9,472.99
200- 500 8,233.05| 2,358.49 797.62| 1,121.15 208.98 9.04 43.66 12,772.00
500- 1000 8,584.55 261.92 76.27 206.08 130.43 9.35 238.3 9,506.91
1000- 1500 3,147.42 9.51 8.7 12.3 14.42 23.09 3,215.45
1500- 2000 14.63 14.63
Total 24,468.02] 6,163.12| 3,966.76| 3,431.89 1,911.69| 175.49| 328.22 40,445.19
Table 26. Land use / Land cover by altitude of Cham Chu Resert898
Unit: ha
Close Open Bushes | Bare | Agricult | Water Others
Altitude forest forest land ural Total
(m) land/Pa
ddy
0-100 453.94| 1,050.63 379.03| 2,014.76| 1,396.42 168.63 5,463.41
100- 200 3,364.45 2,494.41| 1,586.94| 1,601.11f  403.54 22.62 9,473.05
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200- 500 8,433.29| 2,354.03| 1,520.46| 422.91 30.76 10.45 12,771.91
500- 1000 | 8,659.70|  513.18 210.35 82.89 3124 9.8 9,507.16
1000- 1500 | 3,133.00 39.71 20.87 12.84 7.73 3,214.15
1500- 2000 15.52 15.52

Total 24,059.89] 6,451.96| 3,717.65| 4,134.50| 1,869.69 211.5 | 40,445.19

Table 27. Land use / Land cover by altitude@ham Chu Reserve 2007

Unit: ha
Close Open Bushes Bare Agricult | Water Others
Altitude forest forest land ural Total
(m) land/Pa
ddy
0-100 316.33 930.52| 1,263.21| 1,254.03| 1,598.61 94.98 8.64| 5,466.31

100- 200 2,463.88| 2,485.83| 2,024.79| 1,750.42 719.34 23.73 8.26| 9,476.25
200- 500 8,450.54| 1,978.40, 1,167.96| 1,057.02 103 9.14 9.23| 12,775.27
500- 1000 | 8,866.30 245.04 118.35 91.24 89.84 8.59 91.13| 9,510.51

1000-
3,177.80 8.43 7.1 8.89 3,202.22
1500
1500-
14.62 14.62
2000
Total 23289.47| 5,648.21| 4,581.41] 4,161.60| 2,510.79 136.44 117.26| 40,445.19
Table 28.Land use / Land cover by altitude of Cham Chu Reserve in 2017
Unit: ha
Close Open Bushes Bare Agricult Water Others
Altitude forest forest land ural
Total
(m) land/Pa
ddy
0- 100 675.3| 1,673.90 140.84| 1,953.29 923.79 98.04 5,465.16

100- 200 4,266.05/ 1,780.18 600.42| 2,300.94 505.5 21.91 9,475.00
200- 500 8,847.90| 1,285.30 671.73| 1,800.61 158.66 9.73 12,773.93
500- 1000 | 8,866.48 237.96 62.5 172.31 159.46 10.45 9,50915

1000-
3,177.01 11.52 7.76 10.13 3,206.43

1500

1500-
15.52 15.52

2000
Total 25,848.27| 4,988.86| 1,483.25 6,227.15 1,757.54 140.13 | 40,445.19
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Land use / Land cover by altitude of Cham Chu Land use / Land cover by altitude of Cham Chu
Reserve in 1986 Reserve in 1998
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Figure 10. Land usdand cover in Cham Chu Reserve difitude during 19862017
(ha)

In summarythe characteristics of land use alahd cover of Cham ChReservare
the followings:

). In general, the area of close forest (or closathopy forest as such evergreen
broadleaved tropical forest...) has arlge coverage, accounting for more than 60%
of the area in the communes of the Reserve; Open forest, or the form of degraded
close forest at different levels, accounting for a certain percentage, about 15%, but
this land use type has a decreasing trend nigadue to the process of natural
regeneration of forests;

In the period 1984998 and 1992007, the types of land use have not changed much,
but in the period 2002017, the area of close forest is increased rapidly due to a
decrease in the area of bued) mainly due to the natural restoration of the forest and
reforestation programs and increased bare land, probably due to the expansion of
agricultural crops (orange trees).hus in the period 1982017, the area of close

forest and bare land also inased, on the basis of a decrease in bush area and open
forest.

i). By commune, the aaeof closeforest is distributed fairly evenly in the communes
of the Cham Chu Reserve, but 2 communes in Chiem Hoa district (Ha Lang and
Trung Hoa) have the dominantes; The large areas of bare land, bushes and
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agricultural land (including shifting cultivation) are concentrated in 2 communes Phu
Luu, where the area for oranges is the largest inRleserveYen Thuan commune
(Ham Yen district) and Trung Ha commune @hiHoa district)

iii). By altitude, nost ofclose forest areoncentrated in thelevationzonesanging
from 200m- 1500m, in which the elevation zoge=ate than 1500m is covered
mainly by closeforest.

Areas ofopenforest andoushesare concentratedh the highelevationzonesanging
from 100m7i 500m, where reforestation activities, forest exploitation and
agricultural activities are interlinkedThezonerangingfrom Gm- 100m is mainly
agricultural land and bare land.

2.6.1.2 Landuse and landcev changeBac Me Nature Resendriring 19882019

Bac Me Nature Reserve is locatedthe administrative areasf 3 communes
(Minh Ngoc, Lac Nong and Thuong Tia) Bac Me district, with a total natural area of
8,791.8 ha, of which the forest area is 6,649a&ccounting for 9.6% of the natural
area Non-forested land 1,771.91 ha, accounting for 20.2%, the remaining land is water
surface, agricultural land and other land is 370.085e& Figure 1)1
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Figure 11. Forest cover of Bac Me Nature Reserve (MARL9)
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(1). Landuse and landuse/landcover change in the communes of Bac Me Nature
Reserve during period9882019

Table29 shows a breakdown of the laxdver for the 3 communes covering Bde
Nature Reserve.
Table 29 Area of land us#and coverfor conmunes oBac MeNature Reserve
during 198-2019

Land cover 1988 1998 2009 2019
type (ha) | (%) | (ha) | (%) | (ha) | (%) | (ha) | (%)
Close forest | 13,071] 62.0| 10,242| 48.6| 11,134| 52.8] 9,847 46.7
Open forest 2,748| 13.0| 4,676 22.2| 4,210 20.0| 4,660] 22.1

Bush 2,989 14.2| 3,544| 16.8| 2,818 13.4| 3,395 16.1
Open bare lanq 1,481 7.0 1,588 75| 2,122\ 10.1| 1,132 5.4
Paddy 581 2.8 830 3.9 331 1.6 1,406 6.7
Water 217 1.0 207 1.0 473 2.2 647 3.1
Total area 21,087| 100.0f 21,087 100| 21,087 100| 21,087 100

Source: Remote sensing image analysis data, 2020

Note

+ During the period 1982019, anong 21,087 haf Bac Me NatureReserve
communes, clostorest has the largest area accounting for 62.0%, 48.6%, 52.8% and
47.6% of the total area the years 01988, 1998, 2009 and 201%espectively Open
forest has the second largest area, accounting for 13.0%, 22.2%, 20.0% and 22.1%.
Thus, after 30 gars, the area of clo$erestis decreased by 15.3% and the open forest
increased by 9.1% (See Figure. Graphharnges in land usdjor the entire area of the
Nat ur e Ramnanesy & [iag of closerest has been degraded and converted
into open forest, which is in fattte secondary forest and poor forest.

+ In the period 1982019,areas obushhave atrendto increaseaccounting for
14.2% to 16.8%, 13.4% and 16.1% of the total areas in 1988, 1998, 2009 and 2019,
respectivelywhile the area of bare lanslat firstincreasedrom 7.0% in 1988, to 7.5%
in 1998, and to 10.1% in 2009 and then dropped down4% % 2019.Thus, some
areas obushhaveconvertednto bare landespecially in 2019. tBerland use, such as
agricultural land/rice fields and water surface, occupy a small percentage and do not
change significantly.

+ In summary, during the past 38ayrs, close forest is decreased by 15.3%, open
forest increased by 9.1%, bush increased by 1.9%, bare land decreased by 1.6%,
agricultural land increased by 3 .9% and water surface increased by 2.1%.
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Land usdand cover change in Bac Me Reserve
during 19882019 (ha)
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Figure 12 Land usdand cover in Bac Me Reserve cugi19882019 (ha)

Regarding the landuse/landcover changes during 30 years, from 1988 to 2019,
close forest decreased sharph224 ha), open forest increased (+1912ha), bush
increased a little (+406 ha), showing a serious degradation of close forestnitityqg
and quality and its conversion into other land use/land cover such as open forest and
bush. Bare land has steadily increased over the years (1998: +107 ha; 2007a)+641
but decreased in 2012849ha) and this figure shows the clearing of vetyetaduring
period 1988 to 2007 and natural vegetation recovering in 2019.

The landuse and landcover change for Bac Me Reserve duringi 12@89 is
presented in the Table 30, Figure 13 and Figure 14.

Table 30. Land use/land coverhangefor Bac Me Rese&e during 1988 2019(%)

19881998 19982009 20092019 19982019
Close forest -13.4 4.2 -6.1 -15.3
Open forest 9.1 -2.2 2.1 9.1
Bush 2.6 -3.4 2.7 1.9
Bare land 0.5 2.5 (4.7) 1.7)
Paddy 1.2 -2.4 5.1 3.9
Water 0.0 1.3 0.8 2.0
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Land useland cover change in Bac Me Reserve
during 19882019 (%)
15.0
10.0
50 I I
_ ~ B = -
[ ] |
(5.0) 988-1998 19982009 I009-20. 998-2019
(10.0)
(15.0)
(20.0)
H Close forest ®m Open forest = Bush mBare land

Figure 13 Land useland cover change iBac MeReserve during 1982019 (ha)

Figure 14. Evolution of landuse and landver change for Bac Me Nature Reserve
during 19871 2019
Source: Remote sensing image analysis, 2020

(2). Landuse and landuse/landcovehange by communes of Bac Me Nature Reserve
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during period 19882019

Tables 31, 32, 33 andtZIhow the current landuse/landcover for 3 communes in
Bac Me Nature Reserve for 1988, 1998, 2009 and 2019, extracted from analysis of

satellite images.

Table 31. Land use / Land cover for communes of Bac Me Nature Reserve in 1988

No Commune | Natural Area interpreted from remote sensing imagery (ha)
areas i
(h2) | forest | forest | BUSNeS ang |ancireday | ateT
1 |Lac Nong 4,632 2,830 522 730 356 122 72
2 | Minh Ngoc 9,260 5,555/ 1,238 1,233 778 378 79
3 | Thuong Tan 7,195 4,686 988 1,026 347 82 66
Total 21,087 13,071 2,748 2,989 1,481 581 217

Table 3. Land use / Land cover for communes of Bac Me Nature Reserve in 1998

No Commune Natural Area interpreted from remote sensing imagery (ha)
aréas | Close | Open Bare | Agricultural
(ha) forest fofest Bushes land Ia?nd/Paddy Water
1 | Lac Nong 4,632 2,310 893 736 498 127 67
2 | Minh Ngoc 9,260 4,308 1,952 1,592 757 580 70
3 | Thuong Tan 7,195 3,624 1,831 1,216 332 122 69
Total 21,087 10,242 4,676 3,544| 1,588 830 207

Table 33. Land use / Land cover for communes of Bac Me Nature Reserve in 2009

No Commune | Natural Area interpreted from remote sening imagery (ha)
areas i
() | forest | forest | BUSeS| ang | tand/paday| Wt
1 | Lac Nong 4,632 2,466 852 563 607 83 61
2 | Minh Ngoc 9,260 4,887 2,094 1,158 901 186 35
3 | Thuong Tan 7,195 3,782 1,263| 1,097 614 61 377
Total 21,087 11,134| 4,210 2,818 2,122 331 473

Table34. Land use / Land cover for communes of Bac Me Nature Reserve in 2019

No Commune | Natural Area interpreted from remote sensing imagery (ha)
areas | Close | Open Bare | Agricultural
(ha) forest forest Bushes land | land/Paddy Water
1 |Lac Nong 4,632 2,187 995 769 207 358 116
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2 | Minh Ngoc 9,260 4,462 2,047 1,324 9575 743 108
3 | Thuong Tan 7,195 3,197| 1,618 1,302 350 304 423
Total 21,087 9,847| 4,660 3,395| 1,132 1,406 647
Land use / Land cover by commune of Bac Me Land use / Land cover by commune of Bac Me
Reserve in 1988 Reserve in 1998
0 2,000 4,000 6,000 8,000 10,000 0 2,000 4,000 6,000 8,000 10,000
M Close forest MOpen forest © Bushes ' Bare land M Agricultural land/Paddy M Water M Close forest mOpen forest 1 Bushes © Bare land M Agricultural land/Paddy m Water

Land use / Land cover by commune of Bac Me
Reserve in 2009

evore | |

2,000 4,000 6,000 8,000

o

M Close forest mOpen forest 1 Bushes © Bare land W Agricultural land/Paddy m Water

10,000

Land use / Land cover by commune of Bac Me
Reserve in 2019

Thuong Tan

Minh Ngoc

Lac Nong
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Figure 15. Land useland cover in Bac Me Reserve by commune during-2888 (ha)

The evolution of land use/Land cover during 12889 and 1982019 is represented

in Tables35 and 8.

The close forest area of Bac Me Nature Reserve during the pE®®®I2019 is
decreased sharply, mainly in Thuong Tan commui%#80 ha), followed by Minh Ngoc
commune {1093 ha), and Lac Nong 643 ha). Meanwhile, the area of open forest is
increased the most in Minh Ngoc commune (+809 ha) and Thuong Tan commube (+63

ha), and lastly in Lac Nong commune. Furthermore, the largest increase in bush area

occurs also in Thuong Tan commune (+276 ha) and Lac Nong commune (+39 ha). Thus,

close forests, which are actually tropical evergreen forest, are most degraded in Thuong

Tan and Minh Ngoc communes, and they are converted to open forest and bush.
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Table 35. Evolution of Land use / Land cover for communes of Bac Me Nature Reserve

in during 19882009

No | Commune | Natural | Area interpreted from remote sensing imagery(ha)
areas Close | Open Bare | Agricultural
(ha) forest foFr)est Bushes land Iagr]md/Paddy Water
1 Lac Nong 4632| -364 330 -167 251 -39 -11
2 Minh Ngoc 9260| -668 856 -75 123 -192 -44
3 Thuong Tan 7195 -904 275 71 267 -21 311
Total 21087| -1,936| 1,461 -171 641 -252 256

Table 36. Evolution oflanduse and landcoveior comnunes of Bac Me Nature
Reserveluring 19882019

No Commune | Natural Area interpreted from remote sensing imagery (ha)
ey | Joren Tousnes B [aareutuee e
1 Lac Nong | 4,632 -643 473 39 -149 236 44
2 Minh Ngoc | 9,260 -1,093 809 91 -203 365 29
3 Eﬁ]o”g 7195 | -1,489| 630| 276 3 222 357
Total 21,087 -3,225| 1,912 406 -349 823 430

Evolution of close forest in Bac Me Reserve
during 1988-2019 (ha)
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Figure 16. Evolution of somwe landuse landcover types in Bac MeriResluring
19882019 (ha)

(3). Landuse and landuse/landcover change by altitude of Bac Me Nature Reserve
during period 19882019
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Table 37. Landuse and landcovéay altitude for communes of Bac Me Nature Reserve

in 1988
Unit: ha
Altitude Close Open Bushes Bare | Agricultural | Water Total
(m) forest forest land land/Paddy
0- 100 35.82 7.16 29.56 35.00 1492, 18.80 141.25
100- 200 828.19 376.65 477.69, 450.38 334.96| 165.77| 2,633.65
200- 500 3,232.70 1,295.18 1,595.72] 596.32 151.82| 20.92| 6,892.65
500-1000 | 6,010.92 965.21 903.89| 339.70 59.39 4.31| 8,283.42
1000- 1500| 3,058.73 30.19 5.20 31.26 9.65 -| 3,135.02
1500- 2000 - - - - - 0.27 0.27
Total 13,166.35 2,674.38 3,012.05 1,452.66 570.74| 210.0r | 21,086.27

Table 38. Landuse and landcovéay altitude for communes of Bac Me Nature Reserve

in 1998
Unit: ha
Altitude Close Open Bushes Bare | Agricultural | Water Total
(m) forest forest land land/Paddy
0-100 19.52 23.84 25.51 30.88 18.70| 20.08 138.54
100- 200 355.53 642.71 571.35| 512.73 392.29| 163.22| 2,637.83
200- 500 2,193.16) 2,012.78 1,712.00f, 621.68 333.91| 18.72| 6,892.26
500- 1000 | 4,757.66] 1,885.22 1,214.53 356.40 65.31 3.01| 8,282.12
1000- 1500| 2,950.43 130.03 34.24 17.11 2.42 0.09| 3,134.33
1500- 2000 - - - - - 0.35 0.35
Total 10,276.31 4,694.58 3,557.63 1,538.81 812.63| 205.47| 21,085.43
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Table 39. Landuse and landcovéuy altitude for communes of Bac Me Nature Reser

in 2009
Unit: ha
Altitude Close Open Bushes Bare | Agricultural | Water Total
(m) forest forest land land/Paddy
0-100 18.46 1.49 0.26 5.23 1.10| 114.30 140.85
100- 200 420.84 468.06 391.87| 775.16 226.13| 356.07| 2,638.13
200- 500 2,458.68 2,077.13] 1,471.19] 814.79 66.22 2.57| 6,890.59
500- 1000 | 5,274.83 1,580.45 942.73| 470.07 13.59 0.09| 8,281.75
1000- 1500| 2,989.95 54.88 41.43 47.07 0.47 -| 3,133.81
1500- 2000 - - - - - 0.52 0.52
Total 11,162.76 4,182.02] 2,847.49 2,112.32 307.52| 473.55| 21,085.65
Table 40. Landuseandlandcover by altitude for communes of Bac Me Nature Reserve
in 2019
Unit: ha
Altitude Close Open Bushes Bare | Agricultural | Water Total
(m) forest forest land land/Paddy
0-100 14.92 0.81 0.96 0.13 2.52| 120.66 140.00
100- 200 211.49 447.04 587.64| 188.94 687.77| 514.80| 2,637.69
200- 500 2,101.37| 1,840.27 1,954.39] 481.47 503.67| 12.33| 6,893.51
500- 1000 | 4,788.75 2,055.85 852.76] 396.21 186.07 0.87| 8,280.51
1000- 1500| 2,766.15 317.51 15.43 12.84 2143 -| 3,133.36
1500- 2000 - - - - - 0.53 0.53
Total 9,882.67| 4,661.47] 3,411.19 1,079.59 1,401.47) 649.20| 21,085.59

Land use/Land cover by altitude of Bac Me Reserve
in 1988
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Land use/Land cover by altitude of Bac Me Reserve
in 2009
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Figure 18 Land usdand cover in Bac Me Reserve élfitude during 19882019 (ha)

Evolution of Land use / Land cover by altieifor communes of Bac Me Nature
Reserve during 19882019 ispresentedn Table 4.

Table 41. Evolution oflanduse and landover by altitude for communes of Bac Me
Nature Reserve during 198819

Unit: ha
Close Open Bushes | Bareland | Agricultu Water
Altitude forest forest ral
(m) land/Padd

y
0-100 -20.9 -6.35 -28.6 -34.87 -12.4 101.86
100- 200 -616.7 70.39 109.95 -261.44 352.81 349.03
200- 500 -1131.33 545.09 358.67 -114.85 351.85 -8.59
500- 1000 -1222.17 1090.64 -51.13 56.51 126.68 -3.44
1000- 1500 -292.58 287.32 10.23 -18.42 11.78 0
1500- 2000 0 0 0 0 0 0.26
TYn -3,283.68 1,987.09 399.12 -373.07 830.72 439.12

During the perod 19882019, the area of cloderestis changed in the direction of
decline, corresponding to 13,166.35 ha; 10,276.31 ha; 11,162.76ha; and 9284.76
the years 01988, 1998, 2008nd 2019respectivelyThelargedecrease areaof close
forestis atthe altitude belt 0500-1000m (-1,222.17ha), 200500m ¢1,131.33 ha) and
100200 m €616.7 ha) for the whole period 192819.

Meanwhile, the area of open forest tends to increameesponding to 2,674.38 ha;
4,694.58 ha; 4,182.02 ha and 4,661.47 ha in the years of 1988, 1998, 2009 and 2019,
respectively. The large increase in area is at altitude belt e1G00mM (+1,090.64 ha),
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200-500m (+545.09 ha). ) and the altitude belt 606@1,500 m (+287.32 ha) for the
whole period 1982019.

The area of bustends to increase, corresponding to 3,012.05 ha; 3,557.63 ha; 2,487.49
ha; and 3,411.19 ithe years 0fl988, 1998, 2009 and 2019, howewsar of2009
witnessesa decrease in areperhaps due tits convesion to bare land. The large
increase in the area & thealtitude belt 0of500-1000m(+1,090.64 ha)200-500m
(+545.09 ha) and thatitude belt of 100€L,500m(+287.32 la) in the whole period of
19882019.

The area of bare langnds to decrease, corresponding to 1,452.66 ha; 1,538.81 ha;
2,112.32 ha; and 1,079.59 ha in the years of 1988, 1998, 2009 and 2019, respectively
however year of 2009 witnesses an increase in the area, perhaps due to conversion from
bush. The large redtion in area of bare land is at the altitude belt of~200m 261.44

ha), 200500m ¢114.85 ha) in the whole period of 192819.

The area of agricultural land/paddy tends to increase, corresponding to 570.74 ha;
812.63 ha; 307.52 ha; and 1,401.47 in 198898, 2009 and 2019, respectively
however, year of 2009 witnesses a decrease in area, perhaps due to its conversion to
bare land. The large increase in areas is at the altitude belt-@0000 (+352.81 ha)

and 206500m (+351.85 ha), as the lowlands aessily converted into arable land,
especially when the reservoir of Tuyen Quang hydropower station in Na Hang district
(commencing operation in 2008) flooding a large area of the Reserve and also providing
water for crops.

The area of water surface tendsimcrease, corresponding to 210.74 ha; 205.47 ha;
473.55 ha; and 649.20 in the years of 1988, 1998, 2009 and 2019. The water surface
area is increased rapidly since 2009 due to the establishment of Tuyen Quang reservoir
commencing operation since 2008 dlwbding a significant area in the ReserVbe
largeincrease in water surface area istathe altitude belt c£00-200m(+349.03 ha)

and altitude belt 00-100m (+101.86 ha). The large armafathe reservoirlso creas
favorable conditions for strorgguaculturedevelopmentin Thuong Tan commune of

the Reserve

In summary, the trend of evolution of land use types by altitude for Bac Me Nature
Reserve during the perio®88-2019 is presented in Tabl@ #elow.

Table 42. Main tendency of evoluation dénduse and lanctover by altitude for
communes of Bac Me Nature Reserve during
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Altitude Close | Open Bush Bare | Agricultural | Water Note
(m) forest forest land land/Paddy
0-100 -+ -+ -+ +- +- +- Minor change)
1007 200|  -- +- +- - + ++ M%f;;agt:
200- 500 --- ++ + +- + -+ Strong changg
500- 1000 --- +++ -+ +- +- -+ Strong changg
Moderate
1000- 1500 -- + +- +- change
1500- 2000
Total --- ++ +- +- + +
Note

+++: Very strong increasg>1000ha) ++ : Strong increasé500-100tha); + : Moderate
increasg200-500ha) +- : Minor increasg0-200ha)

-+: Minor decreas€0-200h3; - : Moderate decreag200-500ha); -- : Strong decrease
(500-1000had +--: Very strong decreage1000ha)

In summarythe characteristics of landuse alashdcover ofBac Me NaturérReserve
are the followings:

). In general, the area of close forest has a large coverage, accounting for more than
60% in the communes of the Reserve in 1988, but it has decreased rapidly, to just over
46% in 20190pen forestin contrast to the trend of close forest, accounts for a certain
percentage, around 13% in 1988, but tends to increase rapidly, up to more than 22%
in 2019, mainly due to close forest degradation.

During the period 1988998, the area of close forest i®aleased rapidly, and
converted to open forest and bushes. In the following periods, this transition is not
obvious and the land use patterns do not change much.

ii). By commune, the area of close forest and open is distributed mainly in Minh Ngoc
and Thumg Tan communes, where the large area of open forest is increased during
19882019, due to the degration of close forest. Meanwhile during this periodigthe a

of agricultural land is increased due to the decrease of bare land.

lii). By altitude, most otlose forest are concentrated in the elevation zones ranging
from 200m- 1000m, where large are of close forest is converted to open forest during
period 19882019; The zone ranging from 1000n1500m is covered mostly by close
forest and has very littlehange during period 1983019.
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2.6.1.3. Landuse and landcover changeRhia Oaci Phia Den National Parkluring
19882019

The area of Phia Oad”hia Den National Park is 10,593.5 ha, situated mainly in 5
communes of Thanh Cong, Quang Thanh, Phan Thamtg Bao and Tinh Tuc, Nguyen
Binh district, Cao Bang province, in which the forest land covers 8,914.9 ha, including
8,150.9 ha of natural forest and 764 ha of planted forest and land without forest is 1,678.6
ha.

The total number of people currently ligiin 05 communes in Phia Oafhia
Den National Park is 1752 households, 11,452 people, equivaleift to 5
people/household and distributed in 40 villages. The average population density of the
region is 68 people/kMbut the distribution is uneven. Tha@long commune has the
highest density of 128 people/kand Hung Dao commune has the lowest density of
33 people/kri(See Table 1)

There are 5 ethnic groups living these areas in which Dao ethnic group has 3,912
people, accounting for 47.2%; Nung ethniowpw- 1,682 people, accounting for
20.3%, Kinh ethnic group has 1,475 people, accounting for 17.8%, Tay ethnic group
has 1,143 people, accounting for 13.8%, the rest are H'Mong ethnic group, accounting
for 0.9%.

Table 43. The population of the commun@sRhia Oaci Phia Den National Park in
2020

No Commune N\ljirlrlfgeéSOf Households| Persons denZict)ﬁl(J;Jae“rg/nk )
1 | Thanh Cong 10 271 2893 128
2 | Quang Thanh 7 264 1739 29
3 | Phan Thanh 5 300 2974 36
4 | Hung Dao 4 124 1152 26
5 | Tinh Tuc town 14 793 2694 119
Total 40 1752 11452 68
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Figure 19. Forest cover in Phia OacPhia Den National Park

(1). Landuse andandcover in the communes of Phia Odthia Den National Park
during period 19882019

Interpretation of remote sensing images for larellasd cover types over the
past 40 years (1988, 1998, 2010 and 2019) of 5 communes in the National Park shows
that the coverage of close forest is relatively high and there is no major change
(68.23%, 63.11%, 62.62%, and 67.38%, respectively) while ther @ open forest
tends to increase (7.26%, 11.51%, 13.67% and 12.59% respectively).

Table 44. Land use/land cover types for Phia Odehia Den National Park
during 1988i 2019

Landuse/ 1988 1998 2009 2019
landcover (ha) (%) (ha) (%) (ha) (%) (ha) (%)

Close forest | 19,826.45 68.23| 18,341.25 63.11| 18,197.48 62.62| 19,582.14 67.38

Open forest 2,110.37| 7.26| 3,343.84] 11.51| 3,973.32] 13.67| 3,658.68 12.59

Bushes 355048 12.22| 3.632.78] 12.50| 2.852.97 09.82| 218514 7.52
gigcu't”ra' 3.499.24 12.04| 3,65.35| 12.59| 3.958.48 13.62| 3,544.02 12.20
:\::1”0"”9/ Bare 73.77]  0.25 85.09| 0.29 78.05| 0.27 90.30| 0.31
Total 29.060.29 100.00| 29,060.30 100.00| 29.060.29 100.00| 29,060.29 100.00

Source: Interpretation of remote sensing imagery, 2021
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The characteristics ¢&dnd use/land cover types for Phia Qd&hia Den National

Park during 1988 2019 are presented as follows:

+ During the period 1988019, among 29,060.29 ha of communes of Phia Oac
Phia Den National Parlglose forest has the largest areaccounting fo 68.23%,
63.11%, 62.62% and 67.38% of the total anglie years 01988, 1998, 2009 and 2019
respectively Openforest has the second largeea accounting for 7.26%, 11.51%,
13.67% and 12.59%. Thus, after 30 years, tha af closdorestis decreasd by 1.15%
(the lowest reduction in 2009 was 5.61%), while dpenforest increased by 5.33%
For the entire ar e@amuoek, apdnefclbdarest s lEeen
degraded and converted into open forest, which is irtiastecondary fagst and poor

forest.

Par k

+ In the period 1982019, areas of bush have a trend to decrease, accounting for

12.22%, 12.50%, 9.82% and 7.52%, respectively. Thus, after 30 years, thelarsla of
aredecreased by 4.7%. Bare land and mining land account for amwdrtion, less

than 0.3% for years. Agricultural land is also relatively stable, at 12.04%, 12.59%,

13.62% and 12.2%, respectively.

+ In summary, over the past 30 years, close forest has decreased by 1.15%, open

forest has increased by 5.33%, Bush Hasreased by 4.7%, while bare land and

agricultural land have not changed much. Thus, a part of close forest and bush have

converted into open forest.

Land usdand cover in Phia Oaehia Den
national park during 1983019 (ha)
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Figure 20. Land usdand cover in Phia Oa®hia Den national park during 1983019

(ha)

Thus, regardig the landuse and landcover chadgeng this period, closforest
Is decreased in area until 2009,629 ha) and recovered in 201244 ha); Open forest
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Is increased rapidly in area, reaching the peak in 2009 (+1,863 ha), then decreased
slightly in 20 (+1,548 ha); Bush is gradually decreased in area, reaching the peak in
2019 €1,365 ha).

Table 45 Land use/land cover changePhia OacPhia Den National Park
during 1988i 2019(%)

19881998 19982009 20092019 19982019
Close forest -51 -0.5 4.8 -0.8
Open forest +4.2 2.2 -1.1 +5.3
Bushes +0.3 -2.7 -2.3 -4.7
Agricultural land +0.5 + 1.0 -14 +0.2
Mining/Bare land 0.0 (0.0) 0.0 +0.1
Land usdand cover change in Phia ORbia
Den National Park during 198819 (%)

6.0

4.0

o

(2_0) 88-1998 “1998-2009 20001 o501

(4.0)

(6.0)

m Close forest m Open forest m Bushes

Figure 21 Land useéland cover change in Phia Odthia Den National Park during
19882019 (ha)

Thus close foresis decreased in areahile open forest is increased rapidly
especially in the period 198809 This is to explain the large conversion of close forest
into open forest in during this periolMeanwhile, bush isalso decreased in size,
indicating thatsone areas of bush is converted into open forest throught the natural
process of vegetation regeneration.
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[ 5 Kilometers.

Figure 22. Evolution of land use / land cover in the communes of Phia ®4ta Den
National Park

Source: Interpretation of remote sensintpagery, 2021

(2). Landuseand landcover by communes of Phia Od&hia Den National Park
during period 19882019

Tables46, 47, 48 and 4%resent the land use alaohd cover for 5 communes in Phia
Oaci Phia Den National Park for 1988, 1998, 2010 an®26ktracted from
interpretation of satellite images.

Table 46. Land use / Land cover for communes of Phia OBbhia Den National Park

in 1988
Natural Area interpreted from remote sensing imagery (ha)
atura
No | Commune i i
areas (ha) Close Open Bushes Agricultural | Mine/Bare
forest forest land land
1 |Thanh Cong 8,150.29 5,803.27] 799.24, 813.71 732.86 1.21
o | Quang 5977.50 4.444.61 347.75 613.55 570.84 0.84
Thanh
3 | Phan Thanh| 8,368.66| 4,905.87] 665.76| 1,358.56 1,436.28 2.19
Hung n 4,40813| 3,343.74, 237.07| 408.93 417.30 1.08
5 I)'Cvrr'] Tucl 5 15563 1,328.96 60.54| 355.72 341.96 68.45
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Total

29,060.29\ 19,826.45‘ 2,110.37\ 3,550.48\

3,499.24

73.77

Table 47 Land use / Land cover for communes of Phia ORbhia Den National Park

in 1998

Natural Area interpreted from remote sensing imagery (ha)

No Commune areas Close Open | Bushes | Agricultural | Mine/Bare
(ha) forest forest land land

1 | Thanh Cong | 8,150.30| 5,272.85/ 1,048.39 998.82 830.24 -

2 Quang Thanh| 5,977.58| 4,02174 702.78| 637.40 615.66 -

3 | PhanThanh | 8,368.66| 4,857.30| 788.39|1,217.08 1,505.89 -

4 |Hung ng¢d 440813 2,854.85 688.98| 489.69 374.61 -

5 | TinhTuctown| 2,155.63| 1,334.50, 115.30| 289.79 330.94 85.09

Total 29,060.29 29,060.30 18,341.25| 3,343.84 3,632.78| 3,657.35

Table 48 Land use / Land cover for communes of Phia ORhia Den National Park

in 2010

Natural Area interpreted from remote sensing imagery (ha)

No | Commune areas Close Open | Bushes | Agricultural | Mine/Bare
(ha) forest forest land land

1 | Thanh Cong 8,150.30] 5,655.50| 1,054.42| 585.24 855.14 -

2 | Quang Thanh| 5,977.59 4,014.98 596.10| 592.21 774.29 -

3 | Phan Thanh 8,368.66| 4,217.36| 1,467.75| 1,093.45 1,589.72 0.37

4 |Hung naég 4,408.13 2,905.54 762.76| 317.08 422.75 -

5 | Tinh Tuctown| 2,155.63| 1,404.10 92.28| 265.00 316.57 77.68

Total 29,060.29 29,060.29 18,197.48 3,973.32 2,852.97| 3,958.48

Table 49 Land use / Land cover for communes of Phia ORbia Den National Park

in 2019
Natural Area interpreted from remote sensing imagery (ha)
No Commune areas Close Open Bushes | Agricultural | Mine/Bare
(ha) forest forest land land
Thanh Cong 8,150.29 5,722.32 952.63| 666.44 808.64 0.27
Quang Thanh| 5,977.58| 4,219.37 729.56| 322.49 706.16 -
Phan Thanh 8,368.65| 4,961.65| 1,235.97| 851.39 1,310.72 8.91
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Hung ng 4,408.13 3,415.55 400.39| 176.77 415.42 -
5 | TinhTuctown| 2,155.63| 1,263.26 340.12| 168.05 303.08 81.12
Total 29,060.29 29,060.29 19,582.14) 3,658.68 2,185.14| 3,544.02
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Phia Den National Park in 1988
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Figure 23. Land useéland cover in Phia Oaé¢ Phia DenNational Park bycommune
during 19882019 (ha)

Evolution of Land use / Land cover by commune for Phia-Btaia Den during period
19882009 and 1982019 is represented in Tald® and 51

Table 50 Evolution of Land use and Land cover for communes of @a@Phia Den

National Park during 1982009

Natural Area interpreted from remote sensing imagery (ha)
No Commune areas Close Open Bushes | Agricultural | Mine/Bare
(ha) forest forest land land
1 Thanh Cong 8,150.3 -147.77 255.18 -228.47 122.28 -1.2
2 Quang Thanh| 5,977.59 -429.63 248.35 -21.34 203.45 -0.84
3 Phan Thanh 8,368.66 -688.51 801.99 -265.11 153.44 -1.82
4 Hung ng 4408.13 -438.20 525.69 -91.85 5.45 -1.08
5 |l Tucl 515563  75.14 31.74|  -90.72 -25.39 9.23
town
Total 29,060.29| -1,628.9 1,862.95 -697.49 459.23 4.28
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Table 51 Evolution of Land use and Land cover for communes of PhiaRBacDen
National Park during 1982019

Natural Area interpreted from remote sensing imagery (ha)
No | Commune areas Close Open Bushes | Agricultural | Mine/Bare
(ha) forest forest land land
1 Thanh Cong | 8,150.29 -80.95 153.39 -147.27 75.78 -0.94
2 Quang Thanh| 5,977.58 -225.24 381.81 -291.06 135.32 -0.84
3 Phan Thanh | 8,368.65 55.78 570.21 -507.17 -125.56 6.72
4 Hung n{4,408.13 71.81 163.32 -232.16 -1.88 -1.08
5 tTO'\’/’V';T”C 2,155.63 65.70| 279.58| -187.67 -38.88 12.67
Total 29,060.28( -244.30( 1,548.31| -1,365.33 44.78 16.53

For the period 1982019, dose foresis deceased by large aremtil 2009 ¢1,62897

ha) and recovered in 201244.30ha), especiallgoncentratefor year 0f2009 inPhan
Thanh (688.51 ha), Hung Dae438.20 ha) and Quang TharZ9.63 ha)Dpen forest

is increased rapidlgy large area, reachinige peak in 2009 (+1,863 ha), thegcreased
slightly in 2019 (+1,548 ha), especially concentrated for year of 2009 in Phan Thanh
(+801,99 ha), Hung Dao (+525.68 h@hanh Cong (+255.18 ha) and Quang Thanh
(+248.35ha); Bush is steadily decreased by large area until 201865.33 ha),
egecially concentrated for year of 2019 in Phan Tha&@7.17 ha), Quang Thanh (
291.06 ha) and Hung Dae2@32.16 ha);

3). Landuse and landcoverby altitude for Phia Oaci Phia Den National Park
during 1988-2019

Thleamsle aonodvéeany ahbt Ohlnidee Denn PNfadr onal
the years 19290819 1939 8p,r e2&n% ,&6@B.Tiop d Pa @dIpagy o
Phi ai POaica Den Niagd ipmederrtagk in Figure 24

Among the types of | and -Pbée aabdeall dNadi
Par k, close canopy forest occupies the |
ha, accounRedwgoft at @2 e.a lof whiec hPardkl ose
mainly distributed 4t 580 @&l taccodoeth®d BN o6
of the total area of closed canopy forest

Based on the classification of Vietnar
(1970), close forest at an altitude bel't
humi d evedlge ®@eead bfrmmaest at medi um and hig
at alti t7/iddebebehgowt o tropical humi d ever
mountai ns.
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Table 52 Landuse andlandcover by altitude for communes of Phia QaPhia Den
National Park in 1988

Unit: ha
Altitude fcc:) Iroei? f(g F:Sr; Bush Agricultural nli?:r?é Total
(m) land/Paddy land

0-100 42.45 - - 0.01 - 42.46
100- 200 15.25 1.59 7.42 30.84 - 55.10
200- 500 1,907.54| 400.05 338.28 498.56 0.69 3,145.12
500- 1000 | 10,871.08 1,462.47| 2,363.73 2,242.41 71.28| 17,010.98
1000- 1500 6,148.44 244.60 838.29 722.31 1.79 7,955.43
1500- 2000 841.70 1.65 2.75 511 - 851.21
Total 19,826.46 2,110.36, 3,55048 3,499.24 73.77| 29,060.30

Table 53. Landuse and landcovday altitude for communes of Phia Oad>hia Den
National Park in 1998

Unit: ha
Altitude Close Open Bush Agricultural B_a_re/
forest forest mining Total
(m) land/Paddy land
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0-100

38.72 - - 0.06 - 38.78

100- 200 17.05 7.75 5.69 27.02 - 57.51
200- 500 1,776.11 488.65 475.81 405.06 - | 3,145.63
500- 1000 | 9,429.84] 2,353.000 2,537.69 2,606.17 85.04| 17,011.74
1000- 1500| 6,234.68 493.44 610.80 616.45 0.05| 7,955.42
1500- 2000 844.85 0.99 2.79 2.58 - 851.21
TYng)|18,341.25 3,343.84 3,632.78 3,657.35 85.09| 29,060.30

Table 54. Landuse and landcovday altitude for communes of Phia Oad>hia Den
National Park in 2009

Unit: ha
Altitude fcc:) lr%SS? f(g f:sr; Bush Agricultural rrl?lilrr?é Total
(m) land/Paddy land

0-100 34.16 - - 0.06 - 34.23
100- 200 0.18 13.81 6.43 40.00 - 60.43
200- 500 1,026.14, 1,066.33 440.21 613.42 0.02| 3,146.12
500- 1000 | 9,542.09 2,582.69 1,943.49 2,866.63 77.99| 17,012.89
1000- 1500| 6,749.94 309.88 458.85 436.71 0.04| 7,955.42
1500- 2000 844.97 0.62 3.98 1.65 - 851.21
Total 18,197.48 3,973.32] 2,852.97 3,958.48 78.05| 29,060.30

Table 55. Landuse and landcovday altitude for communes of Phia Oad>hia Den

National Park in 2019

Unit: ha
Altitude Close Open Bush Agricultural B_a_re/
forest forest mining Total
(m) land/Paddy

land
0-100 38.69 - - 0.06 - 38.76
100- 200 11.88 7.90 2.49 34.10 1.00 57.38
200- 500 1,896.50 535.73 214.82 489.01 8.03| 3,144.09
500- 1000 | 10,057.91 2,598.86] 1,723.39 2,552.11 81.09| 17,013.36
1000- 1500| 6,727.50 515.44 244.30 468.09 0.18| 7,955.51
1500- 2000 849.67 0.74 0.15 0.65 - 851.21
Total 19,582.15 3,658.68 2,185.14 3,544.02 90.30| 29,060.30
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Figure 25. Land useéland cover in Phia Oaé¢ Phia Den National Park by altitude
during 198-2019 (ha)

Evolution of Land use / Land cover by altitude for communes of Phid @&t Den
National Park during 1988009 and 1982019 is presented in Talb® and 57

Table 56. Evolution of Land use aridand cover by altitude for communes of PhiacOa
i Phia Den National Park during 1983009

Unit: ha

Altitude | Close forest| Open forest Bush Agricultural Bare/
(m) land/Paddy | mining land
0-100 -8.28 - - 0.05 -
100- 200 -15.06 12.22 -0.99 9.16 -
200- 500 -881.40 666.27 101.93 114.87 -0.67
500- 1000 -1,329.00 1,120.22 -420.24 624.22 6.71
1000- 1500 601.49 65.28 -379.44 -285.60 -1.75
1500- 2000 3.26 -1.04 1.23 -3.46 -
Total -1,628.98 1,862.95 -697.50 459.24 4.28

Table 57. Evoluion of Land use / Land cover by altitude for communes of Phia Oac
Phia Den National Park during 1983019
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Altitude | Close forest| Open forest Bush Agricultural Bare/
(m) land/Paddy | mining land
0-100 -3.76 - - 0.05 -

100- 200 -3.36 6.31 -4.93 3.26 1.00
200- 500 -11.04 135.68 -123.47 -9.55 7.34
500- 1000 -813.17 1,136.39 -640.35 309.69 9.81
1000- 1500 579.06 270.84 -593.99 -254.22 -1.61
1500- 2000 7.96 -0.91 -2.60 -4.46 -
Total -244.31 1,548.31] -1,365.34 44.78 16.54

Table 58. Evolution of Land use aridand cover by altitude for communes of Phia Oac

i Phia Den National Park during 2062019

Unit: ha

Altitude | Close forest| Open forest Bush Agricultural Bare/
(m) land/Paddy | mining land
0-100 4.53 - - - -
100- 200 11.70 -5.91 -3.94 -5.90 1.00
200- 500 870.36 -530.59 -225.40 -124.41 8.01
500- 1000 515.83 16.17 -220.11 -314.52 3.10
1000- 1500 -22.44 205.56 -214.55 31.38 0.14
1500- 2000 4.70 0.13 -3.83 1.00 -
Total 1,384.67 -314.64 -667.83 -414.46 12.26

Regarding the griod 19882009: The area oflose forestis decreased sharply (
1,628.98 ha)concentratedtthealtitude belt 06500-1000m ¢1,329 ha) and thaltitude
belt of 20-500 m ¢881.40 ha); Contrary to close foresig area of opeforestis
increased stmgly, mainly at thealtitude belt of500-1000m (+1,120.22 ha) arttie
altitude belt o200-500 m ¢666.27 ha). This contrasting trend explains that most of the
close forest area has been converted to open fohmesthore degraded typef forest
Meanwhile the area o$uchis also decreased significantiy607.50 ha), mainhat the
altitude belt 0f500-1000m(-420.24 ha) anthe altitude belt 0fL0001500 m ¢379.44
ha). Agricultural and swidden laradeincreasedignificantly (+459.24 ha), but at the
same timejs increasd at the altitude belt d00-1000 m(+624.22 ha) and decreakse
at thealtitude belt 0fL003-1500 m ¢285.60 ha). This explains that most of the area of
bushand swidden cultivatioatthealtitude belt ofL0031500 m is converted ta close
forest (+601.49 ha) through natural regetieraor rdorestation(See Table 3).
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Regarding the period 20#019: During this 1§ear period, the area of close forest
has increased sharply (+1,384.67 ha) on the basis of a decrease in thepeadafest
(-314.64 ha), bush§67.83 ha) and swidden land{4.46 ha) through natural process

of forest vegetation regeneration and reforestation. Specifically, the area of close forest
Is increased sharply #tealtitude belt of 206600 m (+870.36 Haandthe altitude belt

of 500-1000 m (+515.83 ha), while the area of open forest is decreased shalgy at
altitude belt of 206600 m ¢530.59 ha) and the area of bush is reducdbesdltitude

belt of 200500 m €225.40 ha)the altitude belt of 5061000 m ¢220.11 ha), and the

area of agricultural/swidden land is decreased sharpheattitude belt of 506,000

m (-314.55 hathealtitude belt of 206600 m ¢124.41 ha) (See Table §7

Thus for the whole period of 1983019, the first period 019882009 witnesses
decrease in the area of close forests and converted into open forest and bush, and the
second period d2009-2019 ischaracterized by ahabilitationprocesgo convert open

forest, bush and swidden land into close forest

In summarythe characteristics of landse andand cover ofPhia Oaci Phia Den
National Park are the followings:

). In general,the area of close forest accounts for a large proportion, ranging from
62% to 68% of the National Park's area, but this forest has loxgrege during the
period of 1998009; Open forest, in contrast to the trend of close forest, accounts for
a certain percentage, around«in 1988, but tends to increasep toabout 13% in
2009 and 2019 mainly due to close forest degradation.

During the period 19881998, the area of close forest is decreased rapidhd a
converted to open forest, while in the period 2@099, this area is increased, mainly
due to the decrease of open forest and bushes

iil). By commune, the area of close forest is distield mainly irPhan Thanh and Thanh
Congcommunesand for smaller portion, in Quang Thanh and Hung Dao communes.
However, thee communes (Phan Thanh, Hung Dao Humly Dao) witness large
decrease in area of close forest due to the increase of open faresj geriod 1988
2009.

iii). By altitude, most of close forest are concentrated in the elevation zones ranging
from 500m- 1500m, where large are of close forest is converted to open forest during
period 19882009
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2.6.1.4.Landuse and landcover changeNam Xuan Lac Resenrdgeiring 19882019

Nam Xuan Lac Reserve has a natural area of 4,150, 21 ha, of which strictly
protected zone 2,547.04 ha; 1,586.12 ha ecological restoratemme service -
administrativezone 9.04 ha; the buffer zone in 8.01 ha. NXwman LacReserveis
located on the administrative territory of three commungs{_ac, Dong Lac and Ban
Thi of Cho Don districtBac Kan provinceThe area of the outer buffer zone is
16,371.53 ha..

The current status of land use types and forest tyfjpdam Xuan Ladreserve by
stdistics are shown in the Table 68low.

Table 59 Area of land use types and forest types of Nam Xuan Lac Reserve

By administrative unit (ha) Nature
Land use/Forest types Xuan Dong Ban Reserve's
Total Lac Lac Thi buffer zone

I. Forested land 14,316 6,206 2,441| 5,669 4,575
1. Forest in terrestrial mountains 6389 3463 1537 1389 1022
Mixed wood forest + bamboo 1761 1028 206 527 994
Medium forest 600 600 - - -
Poor forest 96 91 - 5 26
Rehabilitated forest 3932 1744 1331 857 2
2. Forest on limestone 7,219 2,303 850| 4,066 3,335
Rich forest on limestone 1,864 1864 - - -
Medium forest on limestone 264 113 - 151 -
Poor forest on limestone 4,903 326 848 3729 3335
Rehabilitated forest on limestone 188 - 2 186 -
3. Forested pantation 708 440 54 214 218
Young plantation 708 440 54 214 218
Il. No-forest land 2,552 1,788 224 540 117
rlno':'fg{;f;t land in terr. 916 599 196 121 86
Bareland with bushes (la, Ib) 756 550 191 15 84
Bareland with wood regrowth (Ic) 160 49 5 106 2
2. Noforest land on limestone 60 1 59 - -
Bareland with bushes (la, Ib) 60 1 59 - 17
[ll. Other land 1636 1189 28 419 31
Other land 367 16 - 351 -
Agriculture 1269 1173 28 68 31
Total 18,504 9,183 2,693| 6,628 4,723
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The total number of pgbe living in 3 communes of Nam Xuan Lac Resefoe
year of 2019s 8386 people, with 1,881 households and divided into 28 villages, 4

peopleper householdTable 6(Q. The average population density of the region is 45
people/km, but its distributio is uneven. Dong Lac commune has the highest
population density of 62 people/Rnand Ban Thi commune has the lowest density of

26 people/krh

Table 6Q Polulation and labors of communes in tlam Xuan Laceserve in 2019

No of No of No of Population
No Commune villages househol erSons Labors density
g ds P (pers/kn?)
1 Xuan Lac 14 845 4,140 2,399 45
2 DonglLac 6 506 2,562 1,623 62
3 Ban Thi 8 440 1,684 1,138 26
Total 28 1,881 8,386 5,160 45

There are 6 ethnic minorities, of which the Kinh about 53.49%, -T2§.02%,

Source: Statistical Yearbook of Cho Don district in 2019

Nung- 4.39%, Dac 4.35%, H'mong 3.06%, other ethnic groups about 1.68%. Table
2 shows the composition of ethnic minorities by commune in Nam Xuan Lac Reserve.
According to the ethic traditions, the Tay and the Kinh often live in lowland areas,

near roads, and cultivate wet rice;
mountainous areas.
Table 61. Minority ethnics of communes in 2019
Unit: %
Minority ethnic by composition
No Commune O
Kinh Tay Nung Dao Hn(; M Others
1 Xuan Lac 17.93 32.68 5.42 0.23 2.19 0.00
2 DonglLac 33.87 0.30 0.07 1.85 0.08 0.00
3 Ban Thi 5.08 0.13 7.69 6.82 2.37 1.68
Average 53.49 33.02 4.39 4.35 3.06 1.68

Nguh: Statistical Yearbook of Cho Doisttict in 2019
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(1). Landuse and landcover in the communes of Nam Xuan Lac Reserve during
period 19892017

Table 62shows a breakdown of the ladver for the 3 communes coveriNgm Xuan
Lac Reserve.

Table 62 Land use/land cover types fliam Xuan Ladkeserve

during 19®171 2017

Landuse/ 1989 1998 2007 2017
landcover (ha) (%) (ha) (%) (ha) (%) (ha) (%)
Close forest | 13,913.6| 72.2| 15,188.4 78.8| 14,629.5 75.9| 13,491.2 70.0
Open forest 1,209.6 6.3 642.0 3.3 924.8 4.8 586.5 3.0
Bushes 1,731.4 9.0 360.8 1.9/ 1,680.2 8.7 1,423.6 7.4
Agricultural 2,414.8/ 12.5| 3,083.5| 16.0/ 2,041.6f 10.6/ 3,776.5 19.6

land
Mining/Bare 7.3 0.0 2.0 0.0 0.5 0.0 0.6 0.0
land
Total 19,276.7) 100.0| 19,276.7| 100.0| 19,276.6/ 100.0| 19,278.5 100.0

Source: Interpretation of remote sensing imagery, 2021

The landuse and landcover charigr Bac Me Reserve during 1982019 is presented
in the Table 63, Figure 26 and Figure 27

Table 63. Land ug/land cover change fddam Xuan Ladkeserve
during 1989 2017(%)

Land use &

Land cover 1983-1998 19982007 20072017 1989-2017
Close forest + 6.6 -2.9 -5.9 -2.2
Open forest -2.9 +15 -1.8 -3.2
Bush -7.1 +6.8 -1.3 -1.6
Agricultural +35 -54 9.0 7.1
land/Paddy

Water -0.0 -0.0 +0.0 -0.0
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Land usdand cover change in Nam Xuan Lac
Reserve during 19892017 (%)
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Figure 26. Land useland cover change ifNam Xuan Ladkeserve during 1982017
(%)

1989 1998

LEGEND

B Cammune border
¥ Reserve border
B ciose foest
B ooen forest
B o
B rorcuture isndpadey
10 Kilometers
2007 B Kan proince b e e o Vienam 2017 S Kan Brovince  he Norh o Vienam
i D
~ b
AN S d B2 A »le‘:g
! by C:}V{L \ o &
y 125 u Res™S A
{{ ORsoy {f sy
SN ik SN ~
S o % -
W A
5 / i
>N TN
3 ¢
LEGEND LEGEND
B Commune border B Commune border
WA Reserve border FA¥i Reserve border
Bl Ciose forest B ciose rest
B open forest B open torest
B eusn B ousn
Bl Agicuttue lenaPeday

Bl Aorcunwre tanapadey

10 Kilometers

10 Kilometers

Figure 27. Evolution of land use and land cover change Nlam Xuan Ladreserve
during 198171 2017

67



(2). Landuse and landcover by communes ddam Xuan Lac Reservduring period

19892017

Tables63, 64, 65 and 66how the current landuse/landcover for 3 communes in

Nam Xuan Lac Reserve for 1989, 1998, 2@0id 20%, extraced from analysis of
satellite images.

Table 63 Land use / Land cover for commune®Naim Xuan Lac Reserve in 1989

No Commune Natural Area interpreted from remote sensing imagery (ha)
areas Agricultura
(ha) glrc::'s? f(g f:srt] Bushes ’ I Water
land/Paddy
1 | Dong Lac 3,644.6 2,063.5 244 .4 507.4 823.1 6.2
2 | Ban Thi 8,984.3 6,371.6 649.5 884.7 1,077.9 0.6
3 | Xuan Lac 6,647.7 5,478.5 315.6 339.3 513.8 0.5
Total 19,276.7| 13,913.6 1,209.6 1,731.4) 2,414.8 7.3

Table 64. Land use / Land cover for commune®Nam Xuan Lac Reserve 1998

No Commune Natural Area interpreted from remote sensing imagery (ha)
areas (ha) %lfess? Open forest| Bushes 'f‘g;&iﬂ;ﬂg}l/ Water
1 | Dong Lac 3,644.6 2,743.7 1127 98.1 688.1 2.0
2 | Ban Thi 8,984.3 6,752.1 355.4 205.7 1,671.2 0.0
3 | Xuan Lac 6,647.7 5,692.6 173.9 57.1 724.1 0.0
Total 19,276.7 15,188.4 642.0 360.8 3,083.5 2.0

Table 65. Land use / Land cover for commune®Naim Xuan Lac Reserve in 2007

No Commune Natural Area interpreted from remote sensing imagery (ha)
areas (ha i
T e | ok | eusnes | (e | water
1 | Dong Lac 3,650.7 2,671.5 165.0 286.1 527.9 0.3
2 | Ban Thi 8,980.7 6,383.4/ 551.9| 1,013.9 1,031.4 0.2
3 | Xuan Lac 6,6452 5,574.6/ 208.0 380.3 482.3 0.0
Total 19,276.6 | 14,629.5 924.8/ 1,680.2 2,041.6 0.5
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Table 66 Land use / Land cover for commune®Nam Xuan Lac Reserve in 2017

No | Commune Natural Area interpreted from remote sensing imagery (ha)
areas (ha) Close brest f(g Peesrt‘ Bushes ,?\a?r::jc/llil;l:jrg)ll W?te
1 | Dong Lac 3,643.4 1,783.1 99.4| 439.9 1,321.0f 0.0
2 | Ban Thi 8,979.5 5,846.0 213.3| 845.0 2,075.1] 0.1
3 | Xuan Lac 6,655.6 5,862.2 273.9| 138.7 380.3| 0.5
Total 19,278.5 13,491.2 586.5| 1,423.6 3,776.5| 0.6

3). Landuse and landcoveby altitude for Nam Xuan Lac Resenduring 1983-2019
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Table 67.Land use and Land cover by altitude for communes of Nam Xuan Lac Reserve

in 1989
Unit: ha
Altitude Close Open Bushes | Agricultural | Water Total
(m) forest forest land/Paddy
100- 200 29.1 24.7 39.3 53.9 147.0
200- 500 5,687.9 987.5 1,289.6 1,602.3 16.2 9,583.6
500- 1000 7,978.5 192.9 375.6 760.8 12.9 9,320.7
1000- 1500 225.4 225.4
Total 13,920.9 1,205.1 1,704.5 2,417.0 29.0| 19,276.7

Table 68. Land use and Land cover by altitude for communes of Nam Xuan Lac Reserve

in 1998
Unit: ha
Altitude Close Open Bushes | Agricultural | Water Total
(m) forest forest land/Paddy
100- 200 42.4 7.5 10.9 84.5 145.2
200- 500 6,842.6 316.7 250.5 2,158.7 24.5 9,592.9
500- 1000 8,123.4 283.4 76.2 824.5 9,307.5
1000- 1500 224.7 6.2 230.9
Total 15,233.1 613.9 337.6 3,067.6 245 19,276.7

Table 69 Land use and Land cover by altitude for communes of Nam Xuan Lac Reserve

in 2007
Unit: ha
Altitude Close Open Bushes | Agricultural | Water Total
(m) forest forest land/Paddy
100- 200 16.9 14.1 35.6 75.0 141.6
200- 500 6,046.7 592.1 1,421.3 1,505.3 23.2 9,588.6
500- 1000 8,419.3 220.9 209.1 454.8 9,304.0
1000- 1500 222.7 5.9 5.8 8.1 242.4
Total 14,705.6 832.9 1,671.8 2,043.1 23.2| 19,276.7
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Table 71. Land use and Land cover by altitude €ommunes of Nam Xuan Lac Reserve

in 2017
Unit: ha
Altitude Close Open Bushes | Agricultural | Water Total
(m) forest forest land/Paddy
100- 200 6.6 16.5 116.3 - 139.4
200- 500 5,725.4 266.3 955.3 2,628.8 11.5 9,587.2
500- 1000 7,562.9 305.9 423.9 1,020.6 11.6 9,324.8
1000- 1500 225.2 - - - - 225.2
Total 13,520.1 572.2 1,395.6 3,765.7 23.1| 19,276.7

In summarythe characteristics of landse andand cover ofNam Xuan La&keserve
are the followings:

). In general, close forest has a large coverage, accounting for more7@%ann the
Reservé72.2% in 1989, 78.8% in 1998, 75.9% in 2007 and 70% in 2@p8n forest,
accounts for a certain percentaganging from 3 % t@®.3%, bu this forest decreases
during period during 1982017.

During the period 1988998, the area of close forest iscreased rapidlydue to the
decrease in open forest and bush the following periodsclose forest has trend to
decrease while open forest@bush increase (1998007) or agricultural land /shifting
cultivation land increase (206Z017)

ii). By commune, the area of close forest and open is distributed maBéniithi and
Xuan Laccommunes, where the large area of open famadtbush is aocentrated in

Ban Thi commune. During the period 198817, there is a trend of conversion from
close forest to bush or agricultural land/swidden land, especially in Ban Thi commune

iii). By altitude, most of close foreahd open foresare concentratedh the elevation
zones ranging from 200m1000m Bush and agricultural land/swidden land focus
mostly in the elevaltion zone ranging from 200r800m,wherelarge proportion of
land use / land cover change is done.

2.62. Assessment of ecosystem servioethe study sites
2.6.21. Cham ChuReserve

(1). Assessmenbf ecosystem services for Cham ChReserve during the period
1986-2017

The method of value transfer (de Groot et al., 2012, Tahledge 2Pis used to
calculate the Indexes of ecosystem s@&wi¢provisioning, regulating, cultural and
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supporting) for different types of land use (Close Forest, Open Forest, Bush,
Agricultural land/Paddy, Fresh water) for Cham Chu Reserve. Some indexes/functions
not defined by de Groot et al., (2012) were addethfthe methodology developed by
Costanza et al., (1997: Table 2, p 256) for Function for Pollination (regulating
ecosystem service) for the land use type is Agricultural land/Paddy. The index/function
of the ecosystem service provided by the agriculttaat/Paddy land use type is
estimated from the statistics of production value (VND converted to USD) per 1 hectare
of arable land, notable from the Statistical YearboolHafm Yen and Chiem Hoa
districts, Tuyen Quang province in 20(See Table 12p. ).

Table 72preserd the total value of ecosystem services for each land use type of
Cham ChuReserve during 1882017 and Figure 29shows the distribution map of
ecosystem service value (USD/hafliham ChuReserve in 198, 1998, 2007 and 2017

T a b1 2Esimated total value of ecosystem services for each land use type of Cham
Chu Nature Reserve

Unit: Million USD

1986 1998 2007 2017
Landuse type | Million o Million o Million o Million 0
USD & USsD & UsD & USD &

Close Forest | 128.46( 71.75| 126.11| 70.82| 122.26| 70.28| 135.72| 78.43
Open Forest 32.62| 18.22| 34.64( 19.45( 30.55| 17.56| 26.95( 15.57

Bushes 10.96| 6.12| 10.35| 5.81| 12.48 7.17 4.06 2.35
Bare Land 0 0.00 0 0.00 0 0.00 0 0.00
Rice Paddy 6.32 3.53 6.15 3.45 8.19 4.71 5.84 3.37
Water surface 0.69 0.39 0.81 0.45 0.49 0.28 0.48 0.28
Total
(Million USD) 179.05| 100.00| 178.06| 100.00( 173.97( 100.00| 173.05| 100.00
Total
(USD/ha) 4.427 4.403 4.301 4.279
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Figure 29. Map of total value of ecosystem services (USD/ha)

wsoee  tssoe  josove 0450 0590 10550 105100E
N
1986 i 1998 A
z A £ z g
£ & s
8 § A 8§
£ - :
] 8 A N
= z
& e L&
1S N 8 N
LEGEND
ES Value (USD/ha) ;‘3::“: (USD/ha)
Resorve border Riseeive boedk
[Jo- 1000 oo
[Jo- 1000
[ 1001 - 2000 [ 1001 - 2000
z | I 2001 - 3000 g Z | i 2001 - 3000 g
3 L2 ¥ 2
2 I 3001 - 4000 § 47 ms00r-4000 [&
I 4001 - 5000 8 4 O Kiomet I 4001 - 5000 s & ORlometers,
— — )
1 > 5000 . - 5000
T04350E 10500 oS0 T0s-fove 104:350E 10500 10550 05'100°E
104550E 105°00E 105°50E 105'100€ tousswe SOUE 10550 R
N N
2007 A 2017
z 3 A
z £ 4
z] e £ g
§ 8§ 8
g £ z z
2 gl &
a 8 N 8
z z
2 2 E g
& L 8
LEGEND
ES Value (USD/ha) Eig (USDIha)
Reserve border
— Reserve border
0-1000 [Jo- 1000
2 [ 1001 - 2000 = [ 1001 - 2000
£ | . 2001 - 3000 %3 Z | [ 2001 - 3000 g
3 s £ g
& | I 3001 - 4000 A 3 e B <] . 3001 - 4000 B
I 4001 - 5000 ) § 8
— N 4001 - 5000 s 4 0 Kiometars
.- 5000 — e —)
Toar3s0E 10500 10550 101007 T T T T
043508 10sT0E 10s50E 105100

Reserve in 1986, 1998, 20aid 2017.

in Cham Chu Nature

(2). Assessment of ecosystem services by commune for Cham Chu Reserve during
the period 19&-2017

The value of ecosystem services @rtam ChuReserve for years of 1881998, 2007
and 207 is shown in Tables 73, 74, 75 and 76.

Table 73 Estimated total value of ecosystem services by commun@hiam Chu
Reserve in 198

Unit: Million USD

No

Administrative unit

Close
forest

Open| Bushes

forest

Bare
land

Agricultural
land/Paddy

Water

Total

Ham Yen Distric

52.02

12.12

4.92

2.72

0.52

72,3

Phu Luu commune

27.18

7.14

2.81

1.78

0.27

39,18

Yen Thuan commun

24.84

4.98

2.11

0.94

0.25

33,12

Chiem Hoa district

76.46

20.5

6.02

o| of o

3.6

0.14

106,72
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Trung Ha commune| 34.47| 8.66 2.05 0 1.46] 0.08| 46,72
Ha Lang commune | 25.29| 7.03 1.72 0 0.76| 0.04| 34,84
Hoa Phu commune 16.7| 4.81 2.25 0 1.38| 0.02] 25,16

Total 128.48| 32.62| 10.94 0 6.32| 0.66| 179.02

Table 74 Estimated total value of ecosystem services by commune for Cham Chu

Reserve in 1998

Unit; Million USD

No | Administrative unit Close | Open| Bushes Bare| Agricultural | Water Total
forest | forest land | land/Paddy

I Ham Yen Distric 48.66| 12.3 4.46 0 3.08| 0.65| 69,15
Phu Luu commune 27.43( 6.57 2.03 0 1.98 0.27 38,28
Yen Thuancommun{ 21.23( 5.73 2.43 0 1.1 0.38| 30,87
Il Chiem Hoa dstrict 77.45( 22.32 5.89 0 3.05 0.16| 108,87
Trung Ha commune| 34.15| 8.85 2.36 0 1.21 0.07 46,64
Ha Lang commune 27.46( 6.79 1.62 0 0.65 0.06 36,58
Hoa Phu commune | 15.84| 6.68 1.91 0 1.19( 0.03| 25,65
Total 126,11| 34.62 10.35 0 6.13 0.81| 178.02

Table 76 Estimated total value of ecosystem services by commune for Cham Chu

Reserve in 2007

Unit: Million USD

No | Administrative unit Close | Open| Bushes Bare| Agricultural | Water Total
forest | forest land | land/Paddy

I Ham Yen Distric 4481 | 1423 5.77 0 3.87 0.36 69,04
Phu Luu commune 2441 | 7.24 2.66 0 2.28 0.18 36,77
Yen Thuan commun 20.4 6.99 3.11 0 1.59 0.18 32,27
Il Chiem Hoa district 7744 16.32 6.73 0 4.34 0.13| 104,96
Trung Ha commune| 3228 7.05 3.08 0 2.09 0.06 44 .56
Ha Lang commune 27.49 5.16 1.76 0 1.18 0.04 35,63
Hoa Phu commune | 1767 4.11 1.89 0 1.07 0.03 24,77
Total 12225| 30.55 125 0 8.21 0.49 174
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Table 78 Estimated total value of ecosystem services by commune for Cham Chu
Reserve in 2017

Unit; Million USD

Close | Open| Bushes Bare| Agricultural | Water

Total
forest | forest land | land/Paddy ota

No | Administrative unit

I Ham Yen Distric 50.09( 12.51 1.24 0 2.62 0.4| 66,86
Phu Luu commune 27.63| 4.96 0.73 0 1.55 0.18 35,05
Yen Thuan commun{ 22.46( 7.55 0.51 0 1.07 0.22| 31,81

Il | Chiem Hoa district | 85.62| 14.46 2.84 0 3.28( 0.08| 106,28
Trung Ha commune| 32.67| 7.16 1.72 0 1.51 0.03| 43,09
Ha Lang commune | 31.02| 4.06 0.72 0 0.75| 0.03] 36,58
Hoa Phu commune | 21.93| 3.24 0.4 0 1.02 0.02| 26,61

Total 135.71| 26.97 4.08 0 5.9 0.48| 17314

(3). Assessment of ecosystem services by altitude for Cham Chu Nature Reserve
during the period 19882019

Total value of ecosystem services by altitude Ghiam ChuReserve in 19861998,
2007 and 2Q.7 are presented in the Tables 77, 78, 79 anoeiv.

Table 79 Estimated value of ecosystem services by altitude for Cham Chu Reserve in
1986

Unit: Million USD

meters) | foross | forest | BUSheS | hiipagay | Water | Tow
0-100 4.66 4.24 4.20 3.48 0.56 17.14
100- 200 18.96 14.35 4.22 1.68 0.11 39.33
200- 500 43.33 12.41 2.18 0.69 0.04 58.65
500- 1000 45.18 1.38 0.21 0.43 0.04 47.24
1000- 1500 16.56 0.05 0.02 0.05 - 16.69
1500- 2000 0.08 - - - - 0.08
Total 128.78 32.44 10.83 6.34 0.75 179.12
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Table 80 Estimated value of ecosystem services by altitude for Cham Chu Reserve in

1998
Unit: Million USD
(metors) | forest | forest | BUSeS | fihdipaday | Water | Tow
0-100 2.39 5.53 1.03 4.63 0.72 14.30
100- 200 17.71 13.13 4.33 1.34 0.10 36.60
200- 500 44.38 12.39 4.15 0.10 0.04 61.07
500- 1000 45.58 2.70 0.57 0.10 0.04 49.00
1000- 1500 16.49 0.21 0.06 0.03 - 16.78
1500- 2000 0.08 - - - - 0.08
Total 126.63 33.96 10.15 6.20 0.90 177.83

Table 81 Estimated value of ecosystem services by altitude for Cham Chu Reserve in

2007
Unit: Million USD
e | s | e | musnes | {0 | water | 7o
0-100 1.66 4.90 3.45 5.30 0.41 15.71
100- 200 12.97 13.08 5.53 2.38 0.10 34.06
200- 500 44.48 10.41 3.19 0.34 0.04 58.46
500- 1000 46.66 1.29 0.32 0.30 0.04 48.61
1000- 1500 16.72 0.04 0.02 - - 16.79
1500- 2000 0.08 - - - - 0.08
Total 122.57 29.73 12.50 8.32 0.58 173.71

Table 82 Estimated value of ecosystem servicealbgude for Cham Chu Reserve in

2017
Unit: Million USD
e | s | oren | oushes | foreel | waer | Tom
0-100 3.55 8.81 0.38 3.06 0.42 16.23
100- 200 22.45 9.37 1.64 1.68 0.09 35.23
200- 500 46.57 6.76 1.83 0.53 0.04 55.73
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500- 1000 46.66 1.25 0.17 0.53 0.04 48.66
1000- 1500 16.72 0.06 0.02 0.03 - 16.84
1500- 2000 0.08 - - - - 0.08

Total 136.04 26.26 4.05 5.83 0.60 172.77

In summary, the characteristics of ecosystem service value for Cham Chu Reserve are
as followings:

+ The value of ecosystem services forwlimle Cham Chu Reseri&more than 179

million USD (in 1986) and more than 173 million USD (in 20&Anyd tends to decrease
gradually. Similarly, the value of ecosystem services per hastdeereased from USD
4,427 (in 1986) to USD 4,279 (in 2017).

+ Among types of land use, cldseest has the highest value, varying from 70% to 78%
of the total valuef ecosystem services, of which the highest value was 128.46 million
USDin 1986. Operiorest has a smaller value, accounting for 15.5728.45%. Other

land uses have relatively low values.

+ Among the communes of the Reserfimeing Ha commune (Chiem Hohas the
highest value, followed by Phu Luu commune (Ham Yen district), then Ha Lang (Chiem
Hoa), and 2Zremaining communes (Yen Thuan and Hoa Phu) hdegver value. The
proportion ofecosysterservice value among communes also changes with the change
of land use types over time.

+ By altitude,land useand land covelin the elevation zones ranging from 200m
1000m contributes the largest value of ecosystem services (accounting forf@béo o
value), then followed by the elevation zone ranging from :02@@m, the rest of the
other zoneg¢0 mi 100 m and>1000 m) have lower values.

2.6.22. Bac Me Nature Reserve

(1). Assessment becosystem services for Bac Me Nature Reserve during the
period 19882019

The method of value transfetg Groot et al., 2@, Table 1, page 55) is used to calculate
the Indexes of ecosystem services (provisioning, regulating, cultural and supporting)
for different types of land use (Close Forest, Open Forest, Bush, Agricultural
land/Paddy, Fresh water) for Bac Me Nature ReseBome indexes/functions not
definedby de Groot et al.(2012 were added from the methodology developed by
Costanza et al.(1997: Table 2, p 256for Function for Pollination (regulating
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ecosystem service) for the land use type is Agricultural landjPddhe index/function

of the ecosystem service provided by the agricultural land/Paddy land use type is

estimated from the statistics of production value (VND converted @) g&r 1 hectare
of arable land, notable from the Statistical Yearbook of BacdM&ict, Ha Tuyen
province in 2014See Table 17, p.&.

Table 83and Figure 20 present the total value of ecosystem services for each land

use type of Bac Me Nature Reserve during 12889 and Figure 21 shows the
distribution map of ecosysterarsice \alue (USD/ha) in thBac MeNature Reservim
1988, 1998, 2009 and 2019.

Table 83 Estimated totalvalue of ecosystem servidegland use typdor Bac Me

Nature Reservduring 19882019

1988 1998 2009 2019
Land use type| Million Million Milli on Million
o o o %
USD ’ usD ° usD ° USD °
Close forest | 68.79] 74.25| 53.90| 6022| 58.60| 64.65| 51.82| 5814
Open forest | 14.46| 1561| 24.61] 27.49] 22.16| 24.44] 2453 2752
Bushes 8.16| 880| 967| 1080 7.69| 848 926 1039
Bare land 000 000] o000 o000 000 000 000 000
Agricultural 079| o08s| 113| 126| 045 o050 192| 213
land/Paddy
Water 093] 1.00] o0s88] 099 202 223 276] 3.10
TOtallJ(Sl\g';"on 93.13| 100.00 90.20| 100.00| 90.92| 100.00| 90.30| 100.00
Total
4416 4278 4312 4282
(USD/ha)

Thus, over the past 30 years, from 1988019, the total value of ecosystem
services by land use types in the communes of Bac Me Nature Reserve has not changed
much, fluctuating in the range of 9M3 million USD. However, the total value of
ecosystem services only reached $ 90.30 milim20d19, a decrease of $ 2.84 million
compared to 1988 éaching $ 93.13 million). Closand open forests contribute the
largest amount, about 85% to the total valueadsystenservices because of their
particularly important roles through their inherdamhctions such as providinigpod,
regulating watebiochemical processes in the systemachingd.452USD/halyear.

Among four types of ecosystem services, regulating services contribute the largest
part to the total value of ecosystem services in BadN&teer Reserve, reaching 37.47
million USD in 2019, accounting forl449% of total value through the functions such
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as air quality regulation, climate regulation, disturbance moderation, regulation of water
flow, waste treatment, erosion prevention, rariticycling, pollination and biological
control.Provisioning service has the second largest value, reaching 34.07 million USD,
equivalent to 37.73% of the total value.

Table 85 Estimated value of ecosystem services by types for Bac Me Nature Reserve

in the period 1988 2019

Ecosystem 1988

1998

2009

2019

service
types

Million
usbD

%

Million
usb

%

Million
usb

%

Million
usD

%

Provisioning 34.01

36.52

33.40

37.04

33.08

36.38

34.07

37.73

Regulating 40.61

43.61

38.44

42.62

39.42

43.36

37.47

41.49

Supporting 4.25

4.56

4.88

5.41

4.02

4.42

4.69

5.19

Cultural 14.26

15.31

13.47

14.93

14.4

15.84

14.07

15.58

93.13

100.00

90.19

100.00

90.92

100.00

90.30

100.00

Total
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Figure 30. Distribution map of total ecosystem services value (USD/ha) in Bac Me
Nature Resefe in 1988, 1998, 2009 and 2019

79



(2). Assessment okcosystem serviceby commune for Bac Me Nature Reserve
during the period 19882019

1998, 2009 and 2019 is shown in Ted86, 87, 88, 89

The value of ecosystem services for Bac Me Nature Reserve for years of 1988,

Table 86 Estimated total value of ecosystem services by commune for Bac Me Nature
Reserve in 1988

Value of ecosystem services by land use types (Milliq Total
Natural USD)
No Commune | greas :
Close| Open Bush Bare| Agricultural Water
h
(ha) forest| forest| ~">"% |and land/Paddy
1 | Lac Nong 4,632 | 14.89| 2.75 1.99| 0.00 0.17| 0.31] 20.11
2 | Minh Ngoc 9,260 | 29.24| 6.52 3.36| 0.00 0.52| 0.34]| 39.97
3 | Thuong Tan | 7,195 | 24.66| 5.20 2.80| 0.00 0.11| 0.28] 33.06
Total 21,087| 68.79| 14.46| 8.16| 0.00 0.79| 0.93] 93.13

Table 87. Estimated total value of ecosystem services by commune for Bac Me Nature
Reserve in 1998

No | Commune | Natural | Value of ecosystem services by land use types (Millig Total
areas USD) .
ha Close| Open Bare | Agricultural
(ha) forest| forest Bushes land | land/Paddy Water
1 | Lac Nong 4,632 | 12.16| 4.70 | 2.01 | 0.00 0.17 0.29 | 19.33
2 | Minh Ngoc | 9,260 | 22.67|10.27| 4.34 | 0.00 0.79 0.30 | 38.38
Thuong
3 Tan 7,195 | 19.07| 9.64 | 3.32 | 0.00 0.17 0.29 32 49
Total 21,087 | 53.90| 24.61| 9.67 | 0.00 1.13 0.88 | 90.20

Table 88. Esimated total value of ecosystem services by commune for Bac Me Nature
Reserve in 2009

No | Commune | Natural Value of ecosystem services by land use types Total
areas (Million USD)
Bare| Agricultural
(2) | o forery | Bushes| 1o and/Paddy| Vaer
1 | Lac Nong 4,632 |12.98| 448 | 1.54 | 0.00 0.11 0.26 | 19.37
2 | Minh Ngoc 9,260 | 25.72| 11.02| 3.16 | 0.00 0.25 0.15 | 40.30
3 | Thuong Tan 7,195 | 19.90| 6.65| 2.99 | 0.00 0.08 1.61 | 31.24
Total 21,087 | 58.60( 22.16| 7.69 | 0.00 0.45 2.02 | 90.92
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Table 89 Estimated totaValue of ecosystem services by commune for Bac Me Nature
Reserve in 2019

No | Commune | Natural Value of ecosystem services by land use types Total

areas (Million USD)
(ha) | Close| Open Bare | Agricultural
forest| forest Bushes land | land/Paddy Water
1 | Lac Nong 4,632 | 11.51| 5.24 | 2.10 | 0.00 0.49 0.49 | 19.83

N

Minh Ngoc 9,260 | 23.48| 10.77| 3.61 | 0.00 1.01 0.46 | 39.35
3 | Thuong Tan 7,195 |16.83| 8.52 | 3.55 | 0.00 0.42 1.80 | 31.11
Total 21,087 | 51.82| 24.53| 9.26 | 0.00 1.92 2.76 | 90.30

Table 90. Estimation of several provisiong and regulating services by statistics for
Bac Me district Ha Giang province in 2017

No Ecosystem services Value (Million VND) Value (USD)
(1 USD=22,980VND)

1 Provisioning services 780,149.50 33,949,064

1.1 | Agricultural production 692,342.19 30,128,033

1.2 Forestry production 78,834.80 3,430,583
1.3 | Aquacultural production 8,972.51 390,449
2 Regulating services 4,781.20 208,059
2.1. Payment for Forest Environments 4.781.20 208,059

Service
Total 784,930.70 34,157,124

During the period of 1988019, the total value of ecosystem services are
significantly different among communes in Bac Me Nature Reserve. Minh Ngoc
commune has the largest value, varying in the range of 3948530 million USD,
accounting for about 42.5%44.3% d the total value for th&keserve Thuong Tan
Commune, with the secondrdgest value, varies betwe@&i.11- 33.06 million USD
million, accounting for 34.4%36%. Lac Nong commune has the lowest value, ranging
from 19.33- 20.11 millionUSD, accounting f1021.3%22.0% of the total value.

(3). Assessment of ecosystem services by altitude for Bac Me Nature Reserve
during the period 19882019

Total value of ecosystem services by a
1998, 2008r anpr é&adheladt Teatlb lieBs2h e 9Bw. 9 4
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Table 91 Estimated value of ecosystem services by altitude for Bac Me Nature Reserve
in 1988

Unit; Million USD

(meters) | forest | forest | PU5eS | pnd | ancieaday | Water | Tow
0-100 0.19 0.03 0.08 0.00 0.02 0.08 0.40
100- 200 4.36 1.79 1.30 0.00 0.46 0.71 8.61
200- 500 17.01 6.14 4.35 0.00 0.21 0.09 27.80
500- 1000 31.64 4.58 2.47 0.00 0.08 0.02 38.78
1000- 1500 16.10 0.14 0.01 0.00 0.01 0.00 16.27
1500- 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 69.29 12.68 8.22 0.00 0.78 0.90 91.87

Table 92 Estimated value of ecosystem services by altitude for Bac Me Nature Reserve
in 1998

Unit: Million USD

meters) | forost | _forest | BU5eS | g | ahcrpaday | Water | To
0-100 0.10 0.11 0.07 0.00 0.03 0.09 0.40
100- 200 1.87 3.05 1.56 0.00 0.54 0.70 7.71
200- 500 11.54 9.54 4.67 0.00 0.46 0.08 26.29
500- 1000 25.04 8.94 3.31 0.00 0.09 0.01 37.39
1000- 1500 15.53 0.62 0.09 0.00 0.00 0.00 16.24
1500- 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TYng 54.08 22.25 9.71 0.00 1.11 0.88 88.03

Table 93 Estimated value of ecosystem services by altitude for Bac Me Nature Reserve
in 2009

Unit: Million USD

Altitude Close Open Bare | Agricultural

(meters) forest forest Bushes land land/Paddy Water Total
0-100 0.10 0.01 0.00 0.00 0.00 0.49 0.59

100- 200 2.21 2.22 1.07 0.00 0.31 1.52 7.33
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200- 500 12.94 9.85 4.01 0.00 0.09 0.01 26.90
500- 1000 27.76 7.49 2.57 0.00 0.02 0.00 37.84
1000- 1500 15.74 0.26 0.11 0.00 0.00 0.00 16.11
1500- 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TYng 58.75 19.82 7.77 0.00 0.42 2.02 88.78

Table 94 Estimated value of ecosystem services by altitude for Bac Me Nature Reserve
in 2019

Unit; Million USD

Altitude Close Open Bare | Agricultural
(meters) forest forest Bushes land land/Paddy Water Total
0-100 0.08 0.00 0.00 0.00 0.00 0.51 0.60
100- 200 1.11 2.12 1.60 0.00 0.94 2.20 7.97
200- 500 11.06 8.72 5.33 0.00 0.69 0.05 25.86
500- 1000 25.20 9.74 2.33 0.00 0.25 0.00 37.53
1000- 1500 14.56 1.50 0.04 0.00 0.03 0.00 16.13
1500- 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 52.01 22.10 9.31 0.00 1.91 2.77 88.10
Estimated value of ecosystem services by altitude Estimated value of ecosystem services by altitude
for Bac Me Nature Reserve in 1988 (Millions USD) for Bac Me Reserve in 1998 (Millions USD)
1000-1500 |EEEEEEEE—— 1000- 1500 |
500-1000 500-1000 |
200-s500 | 200-500 1
100-200 |EEEEETH 100-200 NN W
0-100 | 0-100 |
M Close forest M Open forest ™ Bushes © Bare land M Agricultural land/Paddy B Water W Close forest  Open forest 1 Bushes ' Bare land M Agricultural land/Paddy W Water
Estimated value of ecosystem services by altitude Estimated value of ecosystem services by altitude
for Bac Me Reserve in 2009 (Millions USD) for Bac Me Reserve in 2019 (Millions USD)
1000 -1500 [ 1000-1500 |
500-1000 | 500-1000 N |
200-500 | | 200-500 | 1
100-200 [N 100-200 N A
0-100 |JI 0-100 |
W Close forest M Open forest ™ Bushes © Bare land M Agricultural land/Paddy ™ Water W Close forest @ Open forest © Bushes © Bare land M Agricultural land/Paddy ™ Water

Figure 31 Estimated value adcosystem services by altitideBac Me Nature Reserve
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during 19882019

Thube Vvalue of ecosystem serlj0@s8 mt
contributes the | a88emitl BmoononUSDFgaah) ngc

42% of the total val ue of ecosystem ser v
the altitudeObmltctowntfri2BOtes thegsabomud I[23
million USD/year, accounting fwge adbmdit] B
cover types at other alti tlyde Ob er tcso,ntir.ieb.
30% of tot al value of ecosystem services.

In summary, the characteriss of ecosystem service value for Bac Me Reserve are as
followings:

+ In general, be value of ecosystem services for the wBeale MeReserve is more
than93.13million USD (in 198) and more tha®0.3million USD (in 209), and tends

to decrease gradul. Similarly, the value of ecosystem services per hectare is
decreased from USB,416(in 198) to USD 4,28Zin 2017).

+ Among types of land use, close forest has the highest da@laeasing from 74% (in
1988) t058% (in 2019)of the total value of esystem service®f which the highest
value is68.79million USD in 198. Open forest has a smaller valwarying from 8%

- 10% of total value, andtber land uses have relatively low values.

+ Among the communes of the ReseMi@Eh Ngoc communbas thehighest value,
followed byThuong Tancommuneand thenLac Nong communé& he proportion of
ecosystem service value among communes also changes with the change of land use
types over time.

+ By altitude, land use and land cover in the elevation zones rgrigom 200m-
1000m contributes the largest value of gmbsm services (accounting fod% of the
value), then followed by the elevation zone ranging ft0®0m - 1500mand those of
100mi 200m

2.62.2. Phia Oaci Phia Den National Park

(1). Assessment Dall ecosystem services for Phia OacPhia Den National Park
during the period 19882019

The method of value transfer (de Groot et al., 2012, Table 1, page 55) is used to
calculate the Indexes of ecosystem services (provisioning, regulating, cultdral an
supporting) for different types of land use (Close Forest, Open Forest, Bush,
Agricultural land/Paddy, Fresh water) for Phia @aehia Den Natioal Park Some
indexes/functions not defined by de Groot et al.,, (2012) were added from the
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methodology develped by Costanza et al., (1997: Table 2, p 256) for Function for
Pollination (regulating ecosystem service) for the land use type is Agricultural
land/Paddy. The index/function of the ecosystem service provided by the agricultural
land/Paddy land use typs estimated from the statistics of production value (VND
converted to USD) per 1 hectare of arable land, notable from the Statistical Yearbook
of Cao Bang province in 2019 (See Table 129).

Table 95and Figure 20 present the total value of ecosystmwices for each land
use type of Bac Me Nature Reserve during 12889 and Figure 21 shows the
distribution map of ecosystem service value (USD/ha) in the Bac Me Nature Reserve in
1988, 1998, 2009 and 2019.

Table 96 Estimated total value of ecosysteenvices for each land use type of Phia
Oaci Phia Den National Park

1088 1998 2009 2019

Land use type | Million Million Million Million
0 0 0 )
USD % | Usp & usb | 2 | usp | ®

Close forest 104.35| 82.67] 9653 77.12| 95.77] 76.20] 103.06] 79.66
Open forest 11.11| s8.80] 17.60] 1406| 2091 16.64] 19.26| 14.88
Bushes 969| 768 901 792 7.79] 619 596 461
g?]r(;c“'t”ra' 1.08| o085 1.13 090 1.22| o097 1.09| o084

Mine/Bare land - - - - - - - .

TOtal'J(S'\g')"O” 126.22| 100.00| 125.17| 100.00| 125.69| 100.00| 129.37| 100.00
Total (USDha) | 6,292 6,240 6,266 6,449

Thus, over the past 30 years, from 1988 to 2019, the total value of ecosystem
services by land use type in the communes of Phia-®&ia Den National Park has
not changed much, ranging between 1239 million USD. In pdicular, the total value
of ecosystem services in 2019 reached USD 129.37 million, an increase of USD 3.68
million compared to 2009 (reaching USD 125.69 million) due to the sharp increase in
the area of close forest. Close and open forests contribuggglkest amount, about 95%
of the total value of ecosystem services because of their particularly important roles
through inherent functions such as providing food, food, regulating biochemical cycles
on Earth, reaching 5,263 USD/halyear.

Among the four typs of ecosystem services, regulating services contribute the
largest value to the total value of ecosystem services in Phia Rfaa Den National
Park, reaching $59.31 million in 2019 (45.85%).
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Table 59resentshe value of ecosystems services for daol use type for Phia
Oaci Phia Den National Park and Figure 16 shows the distribution map of ecosystem
service value (USD/ha) in Phia Oac NIPhia Den in 1988, 1998, 2009 and 2019.

Table 97. Value of ecosystem services by types for Phia-®ata DenNational Park
in the period 1988 2019

1988 1998 2010 2019
=cosystem Milli Milli Milli Milli
service types ion % ion % ion % nion %
USD USD USD USD
Provisioning 45.68| 36.19| 45.37| 36.25| 45.32 36.06| 46.29 35.78
Regulating 56.26| 44.58 55.65| 44.46| 56.75 45.15| 5931 45.85
Supporting 5.17| 4.09 5.26| 4.20| 4.33 3.44| 356 2.75
Cultural 19.11| 15.14 18.90| 15.10| 19.30 15.35| 20.21 15.62
Total (Million
USD)( 126.22| 100.00{ 125.17|100.00, 125.69| 100.00{ 129.37 100.00
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- N 4 A N -
1988 1998
% | 522 one AR - N
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Figure 32 Distribution map of total ecosystem servigatue (USD/ha) in Phia Oac
Phia Den National Park in 1988, 1998, 2009 and 2019
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(2). Evaluation of total ecosystem services by communes of Phia QaPhia Den
National Park for period 19882019

The value of total ecosystem services by commune for Ph@- ®hia Den
National Park for the years 1988, 199809 and 2017 are presented ables98, 99,
100respectively. In general, these values for Phia-(Qlua Den National Park in the
period 1988 2019 did not change much.

Table 98 Estimated value fototal ecosystem services by commune for Phia -Oac
Phia Den National Park in 1988.

Value of ecosystem services by land use types (Millior
No | Commune Natural USD)
areas (ha) Close Open | Bushes | Agricultural | Mine/Bare
forest forest land land

1 ThanhCong 8,150.29 30.54 4.21 2.22 0.23
2 Quang Thanh 5,977.59 23.39 1.83 1.67 0.18
3 Phan Thanh 8,368.66 25.82 3.50 3.71 0.44
4 |Hung n 4,408.13 17.60| 1.25 1.12 0.13
5 :;)'Cvrr‘] Tuel 5 15563 6.99| 032 0097 0.11
Total 29,060.29 104.35| 11.11 9.69 1.08

The value of total service ecosystems is significantly different between the
communes of Phia Oad’hia Den National Park. In 1988, the total value of ecosystems
services in the National Park reach&b22 million USD, of which, close forest had
the highest value of ecosystem services, reaching 104.35 million USD, contributing
82.67% total value of ecosystem services. Among the 5 communes of the National Park,
Thanh Cong commune has the largest vdhllwed by Phan Thanh commune, Quang
Thanh commune, Hung Dao commune and the lowest is Tinh Tuc town, respectively
37.20 million USD, 33 million USD. 47 million USD, 27.07 million USD, 20.09 million
USD, 8.39 million USD, (29.47%, 26.52%, 21.45%, 15.98%5%).

Table 99 Estimated value of total ecosystem services by commune for Phta Oac
Phia Den National Park in 1998

Value of ecosystem services by land use types
Million USD
STT | Commune Natural ( ,) -
areas (ha) | Close | Open | Bushes| Agricultural | Mine/Bare
forest | forest land land
Thanh Cong 8,150.29 27.75| 5.52 2.73 0.26 -
Quang Thanh  5,977.59] 21.17| 3.70 1.74 0.19 -
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3 |PhanThanh | 8,368.66] 2556/ 4.15| 3.32 0.46 ;
4 |Hung n| 440813 1503 363 134 0.12 ]
g |Tnh  Tucl 5 1e563  7.02 061 079 0.10 ]
town
Total 20.060.29 96.53| 17.60| 9.91 113 i

Table 10Q Estimated value of total ecosystem services by commune for Phia Oac
Phia Den National Park in 2009

Value of ecosystem servicdsy land use types
Natural (Million USD)
No Commune - -
areas (ha) | Close | Open | Bushes| Agricultural | Mine/Bare
forest | forest land land
1 | Thanh Cong 8,150.29| 29.76| 5.55 1.60 0.26 -
2 | Quang Thanh 5,977.59 21.13| 3.14 1.62 0.24 -
3 | Phan Thanh 8,368.66| 22.20| 7.72 2.98 0.49 -
4 |Hung n 4,408.13] 15.29| 4.01 0.87 0.13 -
g |Inh  Tucl 515563 7.39| 049 0.72 0.10 i
town
Total 29,060.29 95.77| 20.91 7.79 1.22 -

Table 101 Estimated value of total ecosystem services by commune for Phia Oac
Phia Den Mitional Park in 2019

Value of ecosystem services by land use types
Natural (MiIIion USD)

No Commune - -

areas (ha) | Close | Open | Bushes| Agricultural | Mine/Bare
forest | forest land land

1 | Thanh Cong 8,150.29 30.12| 5.01 1.82 0.25 -
2 | Quang Thanh 597759| 22.21| 3.84 0.88 0.22 -
3 | Phan Thanh 8,368.66] 26.11| 6.50 2.32 0.40 -
4 |[Hung nal 4,408.13 17.98 211 0.48 0.13 -
5 | Tinh Tuc town 2,155.63 6.65| 1.79 0.46 0.09 -
Total 29,060.29 103.06| 19.26 5.96 1.09 -

Thus, the value of total ecosystem services for the National Park in 2019 reached
129.37 million USD, ofwhich, ecosystem services of cloggest hae the highest
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value, reaching 95.77 million USD, contributing 79.66 % of total ecosystem services
value.

(3). Assessment of ecosystem services by altitude for Phia Gd&hia Den National
Park during the period 19882019

The largest area of the national park is distributed mainly at the altitude of DM,

about 17,000 ha, of which the area of close forest fluctuates about 10,000 ha, accounting
for 5859%. Next, the second largest area of thgonal pak is distributed at the
altitudebelt of 1,000- 1,500m, mainly close forest.

Among theland use and land cover typelsPhia Oac Phia Den National Park, close
forest occupies the largest area, 18,000,000 ha, accounting for 658%. In which,
the area of closedrest is distributed mainly at thaltitude belt of 500-1,500m,
accounting for about 830% of the total area of close forest of the National Park.

The value of ecosystem services at theualé of 500- 1,000m contributethe largest
part reaching USD 69 72 million/year, accounting for about 55% of the total value of
ecosystem services tfe Parkfollowed by in altitudebelt of 1,000- 1,500m has the
second largest contribution value, 388 million USD/year, accounting f@&8 - 30%.

In which, closdorests contribuwg about 96104 million USD/year

Tabl eEsltOi2naltieed ovf ecosysterfmhs ar DiecedNaoi ok
classifiedlD88 altitude in

Uni t : Mi I I ion

o | o | e | s | A OB
0-100 0.22 0.00 0.00 0.00 0.00 0.22
100- 200 0.08 0.01 0.02 0.01 0.00 0.12
200- 500 10.04 2.11 0.92 0.15 0.00 13.22
500- 1000 57.21 7.70 6.45 0.69 0.00 72.05
1000- 1500 32.36 1.29 2.29 0.22 0.00 36.16
1500 - 2000 4.43 0.01 0.01 0.00 0.00 4.45
Total 104.35 11.11 9.69 1.08 0.00 126.22

89



Value of ecosystem services of Phia Oa®hia Den National Park
by altitude in 1988
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Fi gBr3d¥al ue of ecoscfysPem®Pbi@av Deaes Natyi onal
altitude in 1988

Tabl eEdtOi3malt iead oof ecosyst enPhsiear vDeamea dN aot fi
Park by B998tude in

Unit: Million

ot | e || e POl g |
0-100 0.20 0.00 0.00 0.00 0.00 0.20
100- 200 0.09 0.04 0.02 0.01 0.00 0.15
200- 500 9.35 2.57 1.30 0.12 0.00 13.34
500- 1000 49.63 12.38 6.93 0.80 0.00 69.74
1000- 1500 32.81 2.60 1.67 0.19 0.00 37.27
1500- 2000 4.45 0.01 0.01 0.00 0.00 4.46
Total 96.53 17.60 9.91 1.13 0.00 125.17
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Value of ecosystem services of Phia Oa®hia Den National Park

80.00
70.00
60.00

m Close forest m Open forest

Fi gur ¥a |l3ude

0-100

by altitude in 1998

100 - 200

200 - 500

Bushes
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ecosystboémPse-d@hiDaesDen Palebkyi onal

al ti tldeB i n
Tabl e EBG4 amatedfv ecosyst e-®hd ear Dieme Nadfi ol
by al t200ud e n
Uni t |1
(meters) | forest | forest | Bushes | AR | MITEITEE | o
0-100 0.18 0.00 0.00 0.00 0.00 0.18
100- 200 0.00 0.07 0.02 0.01 0.00 0.10
200- 500 5.40 5.61 1.20 0.19 0.00 12.40
500- 1000 50.22 13.59 5.30 0.88 0.00 70.00
1000- 1500 35.52 1.63 1.25 0.13 0.00 38.54
1500- 2000 4.45 0.00 0.01 0.00 0.00 4.46
Total 95.77 20.91 7.79 1.22 0.00 125.69
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Value of ecosystem services of Phia Oa@hia Den National Park
by altitude in 2009
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Tabl eEsltOiSmaltieed ovf ecosysterfmhs ar DiecedNaof ok
by al ta20u9de i n

Uni t : Mi Il 11 on

e ome | oren | eushes | 2! | g | Tora
0-100 0.20 0.00 0.00 0.00 0.00 0.20
100- 200 0.06 0.04 0.01 0.01 0.00 0.12
200- 500 9.98 2.82 0.59 0.15 0.00 13.54
500- 1000 52.93 13.68 4.70 0.79 0.00 72.10
1000- 1500 35.41 2.71 0.67 0.14 0.00 38.93
1500- 2000 4.47 0.00 0.00 0.00 0.00 4.48
Total 103.06 19.26 5.96 1.09 0.00 129.37
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Value of ecosystem services of Phia Oa®hia Den National Park
by altitude in 2019
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Figure 37. Estimated vale of ecosystem services by altitude for Phia ORbia Den

National Park during 1982019
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In summary, the characteristics of ecosystem service value for Phia Blaia Den
National Park are as followings:

+ In general, the value of ecosystem servifesthe wholePhia Oaci Phia Den
National Parkis more tharl26.22million USD (in 1988) and more thdr29.37million

USD (in 2019), and tends tacrease gradually. Similarly, the value of egstem
services per hectare isareased from USB,292(in 1988) to USD6,419 (in 201%

+ Among the servicesegulating service has the highest value, accounting for about
45% of the total value of the national park, followed by provisioning service, accounting
for about 35%36% of the total value and cultural s&ce accounts for about 3%.

+ Among types of land use, close forest has the highest da@aeasing from 83 (in

1988) t076% (in 2019) of the total value of ecosystem services, of which the highest
value is104.35million USD in 1988. Open forest hassmaller valueaccounting for

9% (in 1988) and for about 15% (in 2019).

Bush accounts for 5% 7% of total value, and other land uses have relatively low
values.

+ Among the communes of the Reselgnh Congcommune has the highest value,
followed ty Phan Thanlfcommune and theQuang Thanlttommune.

+ By altitude, land use and land cover in the elevation zones ranging S0Gm -
1500m contributes the largest value of ecosystem services (accountagpidr8%/6
of the value), then followed by thev&é&on zone ranging frorBO0m- 500m andther
elevation zones have a small value.

2.6.2.4 Nam Xuan La®keserve

(1). Assessment of ecosystem services for Nam Xuan Lac Reserve during the period
19882019

Table 106 presents the value of ecosystems serfacesach land use type for
Nam Xuan Lac Reserve and Figure 32 shows the distribution map of ecosystem service
value (USD/ha) in Nam Xuan Lac Reserve in 1989, 1998, 2007 and 2017.

Table 106 Estimated total value of ecosystem services for each landpeseftjNam
Xuan Lac Reserve

1989 1998 2007 2017
Land use type | Million Million Million Million
0 0 0 0
uSD o uUSD o uSD Yo USD o
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Close forest 73.227| 81.32| 79.937 87.29| 76.995| 84.37( 71.004( 81.72

Open forest 6.366] 7.07| 3379 3.69| 4867 533 3.087] 355
Bushes 4725| 5.25| 0985 1.08] 4585 502 3.885 4.47
gigcu't”ra' 5605 6.32| 7.271| 7.94| 4814| 528 8906/ 10.25
Water 0031] 003| 0008 001] 0002 000 0003 0.00
TOtal'J(S'\g;"O” 90.044| 100.00| 91.580| 100.00| 91.264| 100.00| 86.884| 100.00
Total (USD/ha) | 3,099 3,151 3,141 2,990

Figure 38. Distribution map of total ecosystem services value (USD/ha) in Nam Xuan
Lac Reserve in 1981998, 200 and 20T

(2). Assessment of ecosystem services by commune for Nam Xuan Lac Reserve
during the period 19882019
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