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ABSTRACT	
Economic	valuation	is	a	method	for	revealing	the	importance	of	a	forest	based	on	monetary	value.	
The	economic	valuation	of	the	Pesanggrahan	Forest	is	carried	out	to	reveal	the	economic	value	of	
Direct	Use	Value,	Indirect	Use	Value,	Option	Value,	Existence	Value,	and	Bequest	Value	to	obtain	
the	Total	Economic	Value	(TEV)	of	the	Pesanggrahan	Forest	area.	The	methods	used	to	determine	
the	economic	value	are	Market	Price,	Replacement	Method,	and	Contingent	Valuation	Method.	The	
results	show	that	Pesanggrahan	Forest	have	a	Total	Economic	Value	IDR.	268,962,582,306.	This	
total	 value	 is	 the	 value	 of	 the	 protected	 forest	 IDR.	 145,753,885	 and	 production	 forest	 IDR	
123,209,166,421.	This	value	describes	the	magnitude	of	the	benefits	of	forest	as	an	economic	and	
ecological	 function	 in	 the	 Pesanggrahan	 Forest	 Area,	 Malang	 Regency.	 Protected	 forest	 have	
greater	economic	value	than	production	forest,	so	it	is	hoped	that	forest	conversion	will	not	occur	
again,	both	in	the	Pesanggrahan	Forest	and	other	forest	in	Indonesia.	

Keywords:	Economic	Valuation,	Total	Economic	Value,	Pesanggrahan	Forest	

1. Introduction	
Forest	are	areas	with	renewable	natural	resources	and	are	one	of	the	largest	providers	of	

ecosystem	services	on	earth	(Amacher	at	al.,	2014).	Forest	is	divided	into	several	types	including	
protected	forest	and	production	forest	which	have	their	respective	roles	and	functions	(Nurofiq	
at	 al.,	 2020).	 Forest	 have	 big	 potential	 in	 mitigating	 climate	 change	 and	 mitigating	 natural	
disasters	which	are	currently	a	popular	issue	in	various	parts	of	the	world	(Loomis	at	al.,	2019).	
Forest	have	also	an	important	role	in	providing	economic	and	social	benefits	for	society,	including	
income	 from	the	 forestry	sector,	 reducing	poverty,	and	 increasing	community	welfare	and	can	
even	influence	the	economy	of	country	(Anggraeni	at	al.,	2017).	This	can	be	seen	in	Indonesia's	
Gross	 Domestic	 Product	 (GDP),	which	 is	 still	 very	 dependent	 on	 the	 forestry	 and	 agricultural	
sectors	 (Malahayati,	 2018).	 All	 these	 forest	 roles	 are	 the	 cause	 of	 the	 availability	 of	 forest	
ecosystem	services.	

Ecosystem	services	are	the	benefits	that	the	environment	provides	to	humans	through	the	
transformation	of	 resources	 into	 goods	and	 services	 such	 as	wood,	 food,	 clean	water,	 oxygen,	
shelter,	medicine,	food,	industry,	and	traditional	ritual	needs	(Rohman	at	al.,	2019).	The	existence	
of	ecosystem	services	in	forest	under	ideal	conditions	will	be	maximally	available,	while	under	
non-ideal	conditions,	the	availability	of	ecosystem	services	will	decrease	and	their	economic	value	
will	be	low	(Rohman	at	al.,	2021).	The	availability	of	ecosystem	services	is	closely	related	to	the	
ecological	conditions	of	an	ecosystem	(Grizzetti	at	al.,	2019).	The	condition	of	deforested	forest	
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causes	a	decrease	in	the	supply	of	ecosystem	services	including	water	reserves,	forest	products	in	
the	 form	of	wood	and	non-timber	 forest	products	which	ultimately	 also	has	an	 impact	 on	 the	
economy	of	surrounding	communities	(Deuteronomy	at	al.,	2019).	A	conservation	approach	in	
forest	management	can	maintain	ecosystems	and	their	diversity,	 thereby	also	maintaining	 the	
availability	of	ecosystem	services	(Eguiguren	at	al.,	2019).	The	availability	of	ecosystem	services	
in	 an	 area	 can	 be	 estimated	 using	 an	 economic	 valuation	 approach.	 Studies	 on	 the	 economic	
valuation	 of	 forest	 ecosystem	 services	 in	 Indonesia	 show	 that	 the	 economic	 value	 of	 forest	
ecosystem	services	can	reach	billions	to	trillions	of	rupiah	every	year	(Tripathi,	2015).	

One	of	the	forests	that	needs	to	be	valued	is	Pesanggrahan	Forest	in	Malang	Regency.	The	
vegetation	 condition	 of	 the	 Pesanggrahan	 Forest	 is	 currently	 still	 relatively	 dense,	 both	 in	
protected	and	production	forest	areas	(Insani	at	al.,	2023).	However,	these	conditions	may	change	
due	 to	 pressure	 from	 human	 activities	 such	 as	 tourism	 activities,	 hunting	 and	 even	 land	
conversion.	This	kind	of	potential	forest	damage	could	occur	due	to	open	road	access,	namely	the	
Southern	Cross	Route	or	Jalur	Lintas	Selatan	(JLS).	Opening	roads	acces	in	forest	areas	can	lead	to	
damage	 to	 the	 forest	 ecosystem	 (Kleinschroth	 &	 Healey,	 2017).	 Economic	 valuation,	 which	
provides	information	about	ecosystem	services	and	the	monetary	value	of	an	area,	can	be	the	basis	
for	 anticipating	 ecosystem	 damage	 such	 as	 forest	 conversion	 into	 other	 functions	 in	 the	
Pesanggrahan	Forest.	Other	than	that,	this	research	will	also	help	the	authority	determine	losses	
or	 incentives	 if	ecosystem	damage	occurs	as	 the	result	of	human	activities	using	an	ecological	
compensation	 approach.	 Ecological	 compensation	 has	 become	 an	 important	 tool	 to	 reduce	
ecosystem	 destruction	 because	 assessing	 an	 ecosystem	 comprehensively	 based	 on	 ecological	
benefits	 and	 functions	 can	 help	 strengthen	 legal	 prosecution	 and	 guarantee	 monetary	
compensation	to	restore	natural	resources	(Blicharska	at	al.,	2022;	Phelps	at	al.,	2014).	

2. Materials	and	Methods	
Study	Area	

The	research	was	carried	out	from	April	to	October	2023.	Research	data	collection	was	
carried	out	in	the	Pesanggrahan	Production	Forest	and	Protected	Forest	area,	Malang	Regency	
which	is	located	at	8°23'34"	S	-	8°24'15"	S	and	112°32'58"	E	-112°33'42"E.	The	Pesanggrahan	
Forest	Area	is	under	the	authority	of	Perum	Perhutani.	The	total	area	of	Pesanggrahan	Forest	is	
95,286	Ha	with	protected	forest	covering	45.61	Ha	and	production	forest	49.28	Ha	(Figure	1).		

This	research	was	also	carried	out	at	the	Ecology	Laboratory,	Department	of	Biology,	State	
University	of	Malang.	Analysis	of	the	physical	properties	of	 the	soil	was	carried	out	at	 the	Soil	
Laboratory	 of	 the	 Department	 of	 Geography,	 State	 University	 of	 Malang	 and	 the	 soil	 organic	
matter	 analysis	 was	 carried	 out	 at	 the	 Soil	 Laboratory	 of	 the	 Indonesian	 Coffee	 and	 Cocoa	
Research	Center	(PUSLIT	KOKA).	

	
Materials	

The	materials	used	in	this	research	were	plastic	specimens,	tape,	plastic	bags,	raffia	rope,	
and	paper	labels.	The	tools	used	in	this	research	were	pencil,	ballpoint,	notebook,	ruler,	rollmeter,	
Global	Positioning	System	or	GPS,	camera,	measuring	tape,	knife,	hammer,	shovel,	sprayer,	soil	
drill,	soil	ring,	and	machete.		
	
Methods	

Determining	the	economic	value	of	the	Pesanggrahan	Forest	area	is	carried	out	based	on	
primary	 data	 and	 secondary	 data.	 Primary	 data	 was	 obtained	 through	 interviews	 and	 direct	
measurements	of	research	parameters	in	forest	areas.	Interviews	were	conducted	using	Forum	
Group	Discussion	(FGD)	with	respondents	who	are	forest	user	communities	to	obtain	direct	use	
value	data	 in	 the	 form	of	non-timber	 forest	utilization,	 option	value	data,	 existence	value	 and	
bequest	value.	The	number	of	respondents	was	20	people	who	used	production	forest	as	planting	
land	and	1	person	who	lived	in	a	production	forest	area.	Direct	measurements	in	forest	areas	were	
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carried	out	using	a	20x20	m2	plot	on	an	area	of	5	Ha	to	obtain	direct	use	value	in	the	form	of	wood	
and	indirect	use	value.	
 
Wood	Volume	and	Tree	Carbon	

Data	collection	on	wood	volume	and	tree	carbon	was	carried	out	by	recording	data	on	tree	
height	 and	 tree	 diameter	 diameter	 breast	 height	 (DBH),	 tree	 canopy	 height	 and	wide	 of	 tree	
canopy.	The	name	of	each	species	of	plant	that	was	 found	was	recorded.	The	wood	density	 to	
estimating	the	carbon	storage	is	obtained	through	a	database.	

	
Necromass	and	Litter	

The	necromass	data	is	in	the	form	of	wood	necromass	types	which	are	divided	into	Snag,	
Log	and	Stump	categories	based	on	Miyamoto	at	al.	(2018).	Litter	sampling	was	carried	out	in	
plots	1	x	1	m2.	The	sample	drying	was	carried	out	using	an	oven	at	48°C	for	48	hours.	After	drying,	
the	sample	was	weighed	to	obtain	the	dry	weight	(Hairiah	&	Rahayu,	2007).	

	
Soil	Sample	

Soil	sampling	to	determine	the	soil	organic	matter	content	in	the	form	of	Nitrogen	(N),	
Phosphorus	(P),	Potassium	(K),	and	Carbon	(C)	was	carried	out	by	taking	500	grams	of	composite	
soil	samples	at	a	depth	of	10	cm	which	represents	top	soil	and	sub	soil	(Sulistiyowati	at	al.,	2017).	
Sampling	for	soil	erosion	rates	was	carried	out	according	to	the	USLE	method	procedure	(López-
García	at	al.,	2020).	Soil	samples,	both	composite	soil	samples	and	undisturbed	soil	samples,	were	
taken	3	times	at	each	point	determined	based	on	the	presence	of	dominant	plant	species.	

	
Secondary	data	that	was	used	are	Pesanggrahan	Forest	rainfall	data	from	Meteorological,	

Climatological,	and	Geophysical	Agency	(BMKG),	global	carbon	price	data	based	on	World	Bank	
USD	6	/ton	CO2,	Oxygen	prices/lt,	and	prices	of	soil	organic	matter	contained	in	soil	(N,	P,	K,	C)	
from	the	market.	The	wood	price	data	was	taken	from	the	Ministry	of	Trade	of	the	Republic	of	
Indonesia	2023.	

	
Figur	1.	Research	locations	

Data	analysis	
Data	 analysis	 was	 carried	 out	 quantitatively	 to	 estimate	 Total	 Economic	 Value	 (TEV)	

which	 describes	 the	 total	 economic	 value	 of	 all	 ecosystem	 services	 in	 protected	 forest	 and	
production	forest.	The	TEV	value	is	obtained	through	the	formula:	
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TEV	=	DUV	+	IUV	+	OV	+	BV	+	EV	
Where	TEV:	Total	Economic	Value;	DUV:	Direct	Use	Value;	IUV:	Indirect	Use	Value;	OV:	Option	
Value;	EV:	Existence	Value;	BV:	Bequest	Value.	
	
DUV	value	 is	obtained	 from	the	direct	benefits	of	an	ecosystem.	Estimating	the	DUV	 for	 forest	
products	in	the	form	of	wood	can	be	formulated	as	follows:	
DUV	=	Price	x	Quantity	of	Goods	
	
Non-timber	forest	products	are	estimated	using	the	same	method	as	forest	products	in	the	form	
of	wood,	namely	using	the	market	price	method(Balama	at	al.,	2016).	

	
The	 IUV	 value	 is	 calculated	 by	 adding	 up	 all	 IUV	 that	 consist	 of	 the	 value	 of	 water	

availability,	 the	 value	 of	 preventing	 erosion,	 the	 value	 of	 carbon	 absorption	 and	 oxygen	
production,	the	value	of	necromass	carbon	storage	and	the	nutritional	value	of	the	soil.	

	
Water	Storage	

The	 ecological	 function	 of	 water	 storage	 has	 a	 value	 that	 can	 be	 quantified	 using	 the	
following	formula	(Lin	at	al.,	2021):	

Vw:	W	x	Pw	
Where	Vw:	Water	Storage	Value;	W:	Water	storage	quantity	(m3);	Pw:	Water	price	per	cubic	
meter	from	PT.	Jasa	Tirta	(IDR).	
The	quantity	value	of	water	storage	in	the	soil	can	be	determined	using	the	FJ	Mock	method	(Ishak	
at	al.,	2020).	
	
Soil	Erosion	Control	

The	rate	of	soil	erosion	is	calculated	to	determine	the	maximum	amount	of	soil	 loss	on	
land	using	the	Universal	Soil	Loss	Equation	(USLE)	formula	which	was	developed	by	Wischmeier	
&	Smith,	(1978)	as	follows:	

A	=	K	x	R	x	LS	x	C	x	P	
Where	A:	Maximum	amount	of	soil	 lost	(t/ha/year);	R:	Rain	erosivity	factor;	K:	Soil	erodibility	
factor;	 LS:	 Slope	 length	 and	 slope	 slope	 factors;	 C:	 Crop	 management	 index	 factor;	 P:	 Soil	
conservation	index	factor.	
	

Determining	the	economic	value	of	erosion	control	is	carried	out	using	the	replacement	
method.	The	calculated	erosion	rate	is	used	as	a	value	to	determine	retained	sedimentation.	The	
retained	sedimentation	value	is	used	to	determine	the	economic	value	of	erosion	control	based	
on	the	price	of	controlling	the	erosion	rate	(Bahruni	at	al.,	2022).	The	price	for	controlling	the	rate	
of	erosion	obtained	from	Ministry	of	the	Environment	IDR.	1,225,000	per	ha.	

	
Plant	Carbon	Sequestration	and	Oxygen	Production	

Determination	the	value	of	plant	carbon	storage	is	carried	out	using	the	allometric	formula	
of	Chave	at	al.	 (2014).	The	 canopy	biomass	 value	 is	 estimated	based	on	 the	 equation,	Ponce-
Hernandez,	 (2004)	 while	 the	 root	 carbon	 estimation	 uses	 the	 biomass	 ratio	 according	 to	
Macdicken,	(1997).	The	total	carbon	stock	stored	in	the	roots,	stems	and	canopy	is	then	multiplied	
by	a	conversion	factor	(0,5)	which	represents	the	average	carbon	content	in	biomass.	The	value	
of	carbon	dioxide	(CO2)	absorption	by	plants	is	determined	using	the	following	formula:	

CO	2	=	C	x	3.67	
Where	C:	Tree	Carbon	(Tons/Ha).	
	

The	 economic	 value	 of	 CO2	absorption	 is	 calculated	 using	 the	market	price	method	 by	
multiplying	the	amount	of	CO2	with	the	carbon	price	on	the	global	carbon	market.	The	value	of	
oxygen	supply	is	also	calculated	using	the	market	price	method	by	multiplying	the	market	price	
of	oxygen	with	the	amount	of	oxygen	production	which	is	calculated	using	the	formula	(Quitain,	
2021):	
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O	2	=	CO2	x	2.67	
	
Carbon	Storage	in	Plant	Necromass	

Determining	the	amount	of	carbon	storage	can	be	calculated	by	determining	the	volume	
of	dead	trees	based	on	snags,	logs	and	stumps	categories	based	on	Miyamoto	at	al.	(2018).	Carbon	
in	litter	can	be	calculated	using	the	equation	according	to(Hairiah	&	Rahayu,	2007).	

	
Soil	Organic	Matter	

The	results	of	 the	analysis	of	soil	organic	matter	content	 from	the	 laboratory	are	 then	
analyzed	further	by	multiplying	the	amount	of	each	element	by	the	market	price.	Determining	the	
weight	of	elements	to	be	a	multiplying	factor	with	market	prices	is	calculated	using	the	following	
formula	(Sulistiyowati	at	al.,	2017):	

- Weight	C	(Mg/ha)	=	%	Organic	C	x	soil	weight	Mg/ha	
- Total	N	weight	(Mg/ha)	=	%	total	N	x	soil	weight	Mg/ha	
- P	weight	(Mg/ha)	=	P2O5	ppm	x	soil	weight	Mg/ha	
- K	weight	(Mg/ha)	=	(K2O	me	100/gx	soil	weight	Mg/ha)	/(2*100).	

	
Option	 Value,	 Existence	 Value	 and	 Bequest	 Value	 is	 obtained	 through	 the	 respondent's	

willingness	 to	pay	 (WTP)	 as	 a	 form	of	 effort	 to	maintain	 forest	 sustainability	 and	protect	 the	
ecosystem	using	the	contingent	valuation	method	(CVM).	The	formula	used	is	(Sari	at	al.,	2022):	

	
EV	=ΣWTPrxN	

Where	ΣWTP:	Willingness	to	pay	(IDR/year);	N:	Total	Population.	

3. Results	and	Discussion	
Direct	Use	Value	(DUV)	

The	direct	use	value	(DUV)	of	the	Pesanggrahan	Forest	can	be	found	in	the	presence	of	
forest	wood	and	non-timber	products	that	are	used	by	the	community.	The	research	reveals	that	
the	DUV	of	the	Pesanggrahan	Forest	is	IDR.	53,129,568,234.	This	value	is	based	on	the	market	
price	of	mixed	forest	wood	in	protected	forest	that	consisting	of	43	types	of	plants	and	based	on	
market	price	of	teak	wood	in	production	forest	with	volumes	shown	in	Table	1.	The	direct	use	
value	also	comes	from	non-timber	forest	products	with	price	about	Rp.	70,000,000.	Non-timber	
forest	products	are	the	result	of	agricultural	products	that	was	planted	in	production	forest	areas	
such	as	sugar	cane,	chilies,	tomatoes,	corn,	coconuts,	bananas,	and	soybeans	which	are	planted	
using	an	agroforestry	model	that	running	by	as	many	as	20	people.	

Non	timber	forest	products	(NTFPs)	are	basically	also	found	in	protected	forest	such	as	
Manon	 (Helminthostachys	 zeylanica),	 Gebang	 Fruit	 (Corypha	 utan),	 Gadung	 (Discorea	 hispida),	
Rattan	(Calamus	rattan),	Bamboo	(Bambusa	Sp.)	forest	honey,	mushrooms,	and	grasses.	However,	
the	 economic	 value	 of	 NTFPs	 in	 protected	 forest	 have	 not	 been	 revealed	 because	 the	 people	
arround	do	not	take	and	utilize	them.	Direct	use	value	is	the	economic	value	obtained	from	the	
direct	use	of	a	resource	in	the	ecosystem	(Dewsbury	at	al.,	2016).	This	value	includes	the	value	of	
consumptive	 use	 such	 as	 the	 use	 of	 food	 products,	 wood	 for	 fuel	 or	 construction,	 medicines,	
natural	products,	and	animals	for	consumption.	Apart	from	consumption	use	value,	there	is	also	
non-consumptive	use	value	such	as	recreational	and	cultural	(Keske,	2022).	

	
Table	1.	Economic	Value	of	Pesanggrahan	Forest	Wood	

No	 Forest	Type	 Volume	(m3)	 Economic	Value	(IDR)	
1.	 Protected	forest	 1,686	 22,809,777,712	
2.	 Production	forest	 1,517	 30,249,790,522	
	 Total		 	 53,059,568,234	

	
Indirect	Use	Vale	(IUV)	
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The	economic	value	of	IUV	in	Pesanggrahan	Forest	is	IDR.	214,625,627,034.	This	value	is	
the	value	of	the	ecological	function	which	consists	of	the	following	functions:
Water	Storage.	

The	results	of	estimating	the	groundwater	storage	capacity	in	the	Pesanggrahan	Forest	
are	4,347,484	m3	/year	with	the	economic	value	is	IDR.	19,998,425,633/	year	(Table	2).	Protected	
forest	 have	 a	 larger	 water	 volume	 than	 production	 forest.	 This	 is	 because	 the	 presence	 of	
protected	forest	vegetation	is	denser	and	more	diverse	than	production	forest.	The	presence	of	
plants	can	help	increase	soil	productivity,	connect	soil	absorption	pathways,	reduce	soil	density,	
improve	soil	structure	so	that	the	presence	of	plants	can	increase	the	rate	of	soil	infiltration	which	
causes	an	increase	in	soil	water	storage	capacity	(Chandler	at	al.,	2018;	Guo	at	al.,	2021).	

Forest	have	 an	 important	 role	 in	water	 conservation	 through	 the	mechanism	of	water	
absorption,	 formation	of	 rainfall	 or	weather	 regulation,	 thereby	 creating	 rain	and	 forming	 the	
water	cycle	(Boscolo	at	al.,	2021).	Groundwater	also	helps	the	process	of	absorbing	soil	nutrients	
into	plants	and	is	used	by	plants	in	the	process	of	photosynthesis	by	absorbing	carbon	dioxide	
(Gavrilescu,	2021).	For	forest-using	communities,	the	presence	of	water	is	important	because	it	is	
a	 primary	 need	 for	 various	 purposes,	 including	 supporting	 the	 continuity	 of	 the	 agroforestry	
system.	

	
Erosion	Control	

The	Pesanggrahan	Forest	Area,	which	is	divided	into	two	types	of	management,	protected	
forest	 and	 production	 forest,	 has	 different	 erosion	 rate	 values.	 Amount	 of	 0.60	 tons/ha	 for	
protected	forest	and	17.34	tons/ha	for	production	forest.	The	erosion	rate	value	can	be	used	as	a	
basis	for	determining	the	value	of	retained	sedimentation.	The	results	show	that	the	economic	
value	of	controlling	erosion	in	the	Pesanggrahan	Forest	is	IDR.3,355,799,399/year	(Table	3).	
	

Table	2.	Economic	Value	of	Water	Storage	
No.	 Types	of	Forest	

Cover	
Area	(Ha)	 Total	Water	

Capacity	(m3)	
Economic	Value	
(Rp/Year)	

1.	 Protected	forest	 45.61	 3,253,440	 14,965,825,231	
2.	 Production	forest	 49.28	 1,094,044	 5,032,600,402	
	 	 	 4,347,484	 19,998,425,633	

	
	

Table	3.	Economic	Value	of	Erosion	Control	
No.	 Forest	Type	 Land	Area	(Ha)	 Retained	sedimentation	

(Tons/Ha)	
Economic	Value	

(IDR)	
1.	 Protected	forest	 0.60	 38.41	 2,145,774,545	
2.	 Production	forest	 17.34	 21.66	 1,210,024,854	
	 Total	Economic	Value	 3,355,799,399	

	
The	economic	value	of	controlling	erosion	in	protected	forest	is	greater	than	production	

forest.	 This	 is	 because	 the	 erosion	 rate	 value	 in	 protected	 forest	 is	 smaller,	 and	 the	 retained	
sedimentation	value	is	greater	than	in	production	forest.	This	value	shows	that	the	Pesanggrahan	
Protected	Forest	have	 erosion	 control	 function	of	 1,571.65	 tonnes	over	 the	 entire	 area	of	 the	
protected	 forest	 or	 equivalent	 to	 the	 replacement	 cost	 of	 restoring	 the	 area	 about	 IDR.	
2,145,774,545	if	the	area	is	damage.	
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Erosion	 can	 result	 in	 ecological	 and	 economic	 consequences	 such	 as	 depletion	 of	 the	
topsoil	and	causing	a	decrease	in	soil	quality.	Protected	forest	areas	which	have	lower	erosion	
rate	values	than	production	forest	can	be	caused	by	the	presense	of	vegetation	that	forming	forest	
stratification	(Issaka	&	Ashraf,	2017).	Stratification	of	vegetation	can	reduce	the	force	of	rainwater	
which	 can	 cause	 erosion	 (Supriyono	at	 al.,	 2021).	 In	 addition,	 the	 presence	 of	 vegetation	 can	
restrain	the	rate	of	water	movement,	thereby	inhibiting	the	rate	of	erosion	and	holding	the	soil	
into	retained	sediment.	(Chau	&	Chu,	2017).	
	
Carbon	Sequestration	and	Oxygen	Production	(O2)	

The	results	of	data	analysis	on	carbon	storage	by	trees	in	Pesanggrahan	Forest	is	772,315	
tons/year,	which	is	the	result	of	absorbing	CO2	about	2,834	tons/year	and	producing	7,547	tons	
of	O2.	The	economic	value	of	the	forest's	function	as	a	carbon	absorber	is	IDR.	260,757,119	and	as	
a	producer	of	O2	amounting	to	Rp.188,699,449,033	(Table	4).		

Carbon	storage	is	greater	in	protected	forest	areas	than	in	production	forest,	although	the	
difference	is	not	very	significant.	The	greater	value	of	carbon	absorption	in	protected	forest	is	due	
to	 the	 presence	 of	 more	 diverse	 and	 dense	 vegetation	 so	 that	 the	 absorption	 of	 CO2	 in	 the	
atmosphere	 is	greater	and	produces	greater	oxygen.	Natural	 forest	with	a	greater	diversity	of	
plants	are	 the	places	 to	high	 carbon	 stored.	 If	 the	 forest	have	 changed	 its	 function	 to	become	
agricultural	 land	or	plantations,	 the	 stored	 carbon	 stock	 and	oxygen	production	will	 decrease	
(Nunes	at	al.,	2020).		

The	 difference	 in	 the	 amount	 of	 carbon	 sequestration	 from	 production	 forest	 and	
protected	forest	is	not	very	significant	even	though	the	vegetation	conditions	of	the	two	forest	are	
very	different.	This	can	be	caused	by	differences	in	vegetation	density	between	the	two	forests	in	
the	same	area.	Production	forest	have	a	denser	tree	density	than	protected	forest.	This	difference	
in	density	has	a	direct	impact	on	carbon	storage	because	vegetation	density	influences	the	carbon	
sequestration	 capacity	 of	 a	 land	 (Poorter	 et	 al.,	 2015).	 However,	 even	 though	 the	 density	 of	
protected	forest	is	lower,	the	carbon	storage	value	of	protected	forest	is	still	greater	than	that	of	
production	forest.	

	
Necromass	Carbon	Storage	

The	results	of	the	analysis	of	the	necromass	carbon	storage	of	the	Pesanggrahan	Forest	in	
the	form	of	wood	and	litter	is	5,051	/	Ha	or	equivalent	with	amount	of	230,039	tons	in	the	total	
area.	Based	on	this	data,	the	economic	value	obtained	is	IDR.	21,195,591	(Table	5).	This	value	is	
quite	 small	 because	 there	 were	 not	 many	 dead	 trees	 or	 wood	 necromass	 found	 in	 the	
Pesanggrahan	Forest	area.	

Necromass	carbon	storage	in	protected	forest	is	smaller	than	in	production	forest.	This	is	
because	wood	necromass	in	the	form	of	stumps	is	more	commonly	found	in	Production	Forest,	
which	are	leftovers	from	logging	or	harvesting	teak	wood.	The	presence	of	necromass	is	important	
for	forest	ecosystems	because	it	functions	as	a	source	of	soil	organic	matter	(Fonsêca	&	Meunier,	
2019).	 Necromass	 contains	 organic	 acids,	 cellulose,	 hemicellulose,	 and	 lignin	 which	 will	
decompose	and	enter	the	soil	to	become	nutrients	for	soil	organisms	and	plants	(Maas	et	al.,	2020;	
Jia	et	al.,	2021).	This	shows	that	necromass	helps	in	maintaining	nutrient	balance	through	nutrient	
cycling	and	keeps	the	ecosystem	healthy.	Necromass	is	also	a	habitat	for	many	microorganisms	
(Pastorelli	et	al.,	2022).	Necromass	such	as	litter	also	plays	a	role	in	interception	of	rain	and	slows	
down	the	rate	of	runoff	so	that	it	can	suppress	soil	erosion	(Li	et	al.,	2014;	Tu	et	al.,	2023).
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Table	4.	Economic	Value	of	Carbon	Absorption	and	Oxygen	Production	
No.	 Types	of	

Land	
Cover	

Total	C	
Stored	
(Kg/Yr)	

2	

Absorption	
(Tons/Th)	

Oxygen	
Production	
(Ton/Th)	

Economic	
Value	of	CO2	
Absorption	
(Rp/Year)	

Economic	Value	
of	O2	Production	
(Rp/Year)	

1.	 Protected	
forest	

423,585	 1,555	 4,135	 143,016,157	 103,378,056,373	

2.	 Production	
forest	

348,730	 1,279	 3,412	 117,740,962	 85,321,392,660	

	 Total	 772,315	 2,834	 ,7,547	 260,757,119	 188,699,449,033	
Table	5.	Economic	Value	of	Necromass	Carbon	Storage	

No.	 Types	of	Land	Cover	 C	Stored	
(Tons/Ha)	

Total	C	Stored	(Kg/Yr)	 Economic	Value	
(Rp)	

1.	 Protected	forest	 2,265	 103,324	 9,505,608	
2.	 Production	forest	 2,786	 127,068	 11,689,982	
	 Total	Economic	Value	 5,051	 230,392	 21,195,591	
	
Soil	Nutrients	

The	results	of	the	analysis	of	the	economic	value	of	soil	nutrition	through	the	availability	of	soil	
organic	matter	(SOM)	in	the	form	of	Nitrogen	(N),	Phosphorus	(P),	Potassium	(K)	and	Carbon	(C)	show	
a	 value	 of	 IDR.	 3,478,307,297/year.	 The	 existence	 of	 SOM	 in	 protected	 forest	 is	 different	 from	
production	forest	(Table	6).	Soil	organic	matter	in	protected	forest	is	greater	than	in	production	forest	
in	all	elements	including	N,	P,	K,	and	C.	Soil	in	forest	with	natural	vegetation	has	higher	nutrient	elements	
than	 in	 teak	 forest	 (Isienyi	 at	 al.,	 2022).	 Monoculture	 forest	 such	 as	 teak	 forest	 can	 cause	 soil	
deterioration	and	have	an	impact	on	reducing	soil	nutrients	(Dachung	at	al.,	2019).The	presence	of	soil	
nutrients	is	greatly	influenced	by	the	density	and	diversity	of	vegetation,	rhizobiome	composition	and	
better	erosion	rates	in	protected	forest	areas	(Monkai	at	al.,	2018).	Apart	from	that,	the	presence	of	
more	litter	can	provide	more	soil	nutrients	(Novianti	&	Choesin,	2014).	The	presence	of	nutrients	is	
important	in	forest	communities	because	they	are	one	of	the	most	important	elements	in	supporting	the	
life	of	various	organisms	from	plants	to	soil	organisms	(Giweta,	2020).	

	
Table	6.	Economic	Value	of	Soil	Nutrients	

No.	 Soil	
Nutrients	

Protected	forest	 Production	forest	
Weight	(Kg)	 Economic	Value	(Rp)	 Weight	

(Kg)	
Economic	Value	(Rp)	

1	 N	 22,045	 265,640,242	 13,798	 166,270,720	
2	 P	 156,594	 2,012,237,183	 78,848	 1,013,196,800	
3	 K	 271	 5,710,068	 184	 3,881,950	
4	 C	 213,759	 6,412,766	 165,252	 4,957,568	
Total	Economic	Value	 2,290,000,259	 	 1,188,307,038	
	
Option	Value	

The	option	value	that	was	revealed	in	this	research	is	IDR.	6,300,000	from	protected	forest	and	
production	 forest.	The	option	value	of	protected	 forest	 is	 IDR.	3,840,000	meanwhile	 the	production	
forest	is	IDR.	2,580,000.	Option	value	is	a	value	that	shows	the	potential	benefits	of	a	diverse	ecosystem	
in	the	future	based	on	the	perception	of	people	who	use	the	forest	(Díaz	at	al.,	2015).	This	known	option	
value	 reflects	 that	 the	 Pesanggrahan	 Forest	 ecosystem	 have	 long-term	 benefits.	 This	 benefit	 is	 a	
potential	that	can	have	greater	value	in	the	future,	so	it	is	important	to	keep	the	Pesanggrahan	Forest	
sustainable.	

Existence	Value	
The	estimated	result	of	the	existence	value	of	the	Pesanggrahan	Forest	is	IDR.	6,300,000.	This	

value	is	the	value	of	the	existence	value	of	protected	forest	about	3,780,000	and	production	forest	of	Rp.	
2,520,000.	This	existence	value	describes	people's	perception	of	the	existence	of	forest,	regardless	of	
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whether	 the	 forest	have	benefits	 or	not.	 Existence	value	 is	 the	 intrinsic	 value	possessed	by	 a	 forest	
ecosystem	which	cannot	be	ignored	as	part	of	the	ecosystem	value(Davidson,	2013).	

Bequest	Value	
Based	 on	 the	 results	 of	 the	 analysis,	 the	 Bequest	 value	 in	 the	 pesanggrahan	 forest	 is	 IDR.	

6,360,000	with	different	amounts	between	protected	and	production	 forest.	Protected	 forest	have	a	
bequest	value	IDR.	3,840,000	while	production	forest	have	a	value	IDR.	2,520,000.	Bequest	value	is	a	
value	that	describes	the	community's	desire	to	protect	an	ecosystem	so	that	it	 is	passed	on	to	future	
generations	(Oleson	at	al.,	2015).	

Economic	values	based	on	public	perception	such	as	option	value,	existence	value	and	bequest	
value	in	the	Pesanggrahan	Forest	are	relatively	small.	This	was	influenced	by	the	small	number	of	people	
interviewed,	namely	21	people	consisting	of	20	land	users	and	1	person	who	lived	in	a	forest	area.	Apart	
from	that,	the	economic	factors	of	people	who	have	relatively	low	incomes	also	influence	of	this	value.	
Economic	limitations	are	one	of	the	factors	that	influence	community	perceptions	and	assessments	of	
forest,	resulting	in	the	low	economic	value	of	a	forest.	

Total	Economic	Value	(TEV)	
The	total	economic	value	of	Pesanggrahan	Forest	is	IDR.	268,962,582,306	(Table	7).	The	largest	

value	with	79.87%,	was	contributed	by	IUV	in	the	form	of	forest	ecological	functions	such	as	of	water	
storage,	erosion	control,	carbon	sequestration,	carbon	storage,	oxygen	supply	and	soil	nutrition.	This	
value	is	simply	the	value	of	some	of	the	ecosystem	services	that	make	up	the	TEV.	Basically,	there	are	
still	many	ecosystem	services	in	the	Pesanggrahan	Forest	that	have	not	yet	been	discovered,	so	they	
have	the	potential	to	have	greater	economic	value.	The	Pesanggrahan	Forest	Area,	both	protected	forest	
and	production	forest,	has	a	variety	of	ecosystem	services	in	the	form	of	goods	and	services	that	can	
maintain	the	sustainability	of	the	ecosystem	itself	and	support	community	welfare.	Based	on	the	results	
of	this	research,	protected	forest,	and	production	forest	each	make	different	contributions	to	the	TEV	
value.		Protected	forest	have	high	economic	value,	especially	in	terms	of	ecological	functions	which	are	
reflected	in	the	IUV	value.	This	function	makes	an	important	contribution	in	providing	water,	protecting	
erosion,	 providing	 oxygen	 and	 soil	 nutrients,	 and	 reducing	 the	 impact	 of	 climate	 change	 through	
absorbing	CO2	in	the	atmosphere.		

This	reseach	shows	that	protected	forest	have	diverse	ecological	functions	which	contribute	to	
the	very	high	economic	value	of	the	forest,	even	higher	than	the	use	value	which	often	receives	attention	
because	it	is	considered	to	have	great	economic	value.	Preserving	and	protecting	protected	forest	is	very	
important	to	maintain	the	balance	and	sustainability	of	the	earth	as	well	as	supporting	efforts	to	mitigate	
and	handle	climate	change	which	is	an	important	component	in	sustainable	development	goals	(SDGs)	
no.	 13.	 	 Beside	 supporting	 the	 achievement	 of	 SDGs	 13,	 maintaining	 protected	 forest	 such	 as	 the	
Pesanggrahan	Protected	Forest	also	supports	efforts	to	achieve	SDGs	15	that	was	protecting	terrestrial	
ecosystems	(United	Nations,	2022).	
	

Table	7.	Total	Economic	Value	of	Pesanggrahan	Forest	

No.	 Value	 Information	 Method	 Economic	Value	(Rp)	

1	 Direct	Use	Value	 Wood	 Market	Price	 53,059,568,234		 	
Non-Timber	Forest	Products	 Market	Price	 70,000,000	

2	 Inderect	Use	Value	 Water	Storage	 Market	Price	 19,998,425,633		 	
Erosion	Control	 Replacement	

Method	
3,355,799,399	

	 	
Carbon	Sequestration	 Market	Price	 260,757,119	 		 	
Necromass	 Market	Price	 21,195,591		 	
Oxygen	Production	 Market	Price	 188,699,449,033		 	
Soil	Nutrients	 Market	Price	 3,478,307,297	

3	 Option	Value	 Public	Perception	 CVM	 6,420,000	
4	 Existence	Value	 Public	Perception	 CVM	 6,300,000	
5	 Bequest	Value	 Public	Perception	 CVM	 6,360,000	
Total	Economic	Value	 	268,962,582,306	
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Production	forest	and	protected	forest	are	two	types	of	forest	whose	designation	is	different	

according	 to	Minister	 of	 Environment	 and	 Forestry	 Regulation	 No.	 8	 of	 2021.	 Protected	 forest	 are	
designated	 as	 protected	 areas	 with	 utilization	 directions	 in	 the	 form	 of	 area	 utilization	 and	
environmental	services	such	as	water	management,	erosion	control,	flood	prevention,	maintenance	of	
soil	nutrients	and	use	of	non-timber	 forest	products	 (NFTPs).	Meanwhile,	production	 forest	besides	
being	designated	as	areas	for	the	use	of	environmental	services,	are	also	designated	as	forest	areas	with	
the	main	function	of	producing	wood	forest	products	and	non-timber	forest	products.	The	main	function	
of	producing	wood	forest	products	causes	production	forest	to	adopt	a	monoculture	forest	system	by	
reducing	biodiversity	which	supports	the	ecological	function	of	forest	which	have	enormous	economic	
value.	

4. Conclusions	
The	total	economic	value	(TEV)	of	Pesanggrahan	Forest	is	IDR.	268,962,582,306.	This	total	value	

comes	 from	 the	 economic	 value	 of	 protected	 forest	 IDR.	 145,753,885	 and	 production	 forest	 IDR	
123,209,166,421.	Protected	forest	have	more	ecosystem	services	with	a	higher	TEV	than	production	
forest.	Thus,	preserving	protected	forest	in	the	Pesanggrahan	Forest	area	by	protecting	and	maintaining	
their	existence	is	very	important	to	ensure	that	the	benefits	of	the	forest	are	maintained	and	support	
people's	 lives	 and	 the	 balance	 of	 the	 earth.	 It	 is	 hoped	 that	 forest	 conversion	 into	 other	 functions,	
including	production	forest,	will	no	longer	occur	in	the	Pesanggrahan	Forest	or	other	forest	in	Indonesia.	
Existing	 production	 forest	 need	 to	 be	 managed	 with	 sustainable	 forest	 management	 to	 support	
production	 forest	 functions	 according	 to	 those	 that	 have	 been	 determined	 such	 as	 economic	 and	
ecological	functions.	It	is	hoped	that	the	existence	of	economic	value	information	with	monetary	value	
units	in	the	form	of	prices	or	price	tags	that	have	been	calculated	can	also	be	important	and	easy	to	
understand	information	for	both	the	public	and	the	relevant	authorities.	
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