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Trends in natural resource use and global
change impacts

Resource conservation technologies for
climate smart agriculture

. TooIs for identifying appropriate technologies

mmunltles in resource conservation
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NATURAL RESOURCE DEPENDENCY
AND DEPLETION
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NATURAL RESOURCE TRENDS

Global FSC certified forest area: by region

Europe ‘;
34.5% of lotal certified 45.21% of total certited araas
(35467977 ha) {51728'442 ha) 1
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LAND: NET PRIMARY PRODUCTIVITY

Global loss of annual net primary productivity between 1981 and 2003

Source: ISRIC - World Soil Information
Mollweide Projection
Central Merician; 0.00
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MARINE: FISHING

Figure 1.4: State of exploitation of selected stock or species groups for which
assessment information is available, by major marine fishing areas, 2004
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RESOURCE DEGRADATION AND POVERTY:
RESOURCE CURSE

M stable land, slightly
or moderately degraded

. High degradation trend
or highly degraded lands

M Moderate degradation trend M Improving lands
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GLOBAL IRRIGATED AREAS

T, POYERTY .
WAPPING Map 5.5: Occurrence of irrigated areas
S 5: Land use pattems

TFP IN INDO-GANGETIC PLAINS

Overall Trend
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TRENDS IN MEKONG DELTA:
ECONOMIC PRODUCTIVITY OF WATER
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CLIMATE CHANGE AND NATURAL
RESOURCES
GHG Emissions

Mational CO2 Emissions, 1980-2005 GHG emissions from OECD and G77-China
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GHG EMISSIONS

e Land-use changes contribute to

2 World

—— second largest emissions after

Land-usa
change and

power in middle income
countries

¢ In low-income countries, LUCs
can account up to 50% of total
emissions followed by
agriculture

b. High-income countries €. Middle-incoma countries d. Low-incoma countries

Others Land-use
g changa and

ower
Others
B

Transportation
¥ Land-use change
er d fores
Industry an stry
. ™ 0%
ransportation A "
% 0%
oy
Transportation
% 18% *.
World Bank, 2009
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AGRICULIURE ACCOUNIS 1O
SIGNIFICANT GHG EMISSIONS

% Share of Non-Annex | GHG emissions from
Different Sectors in 2005
(Nos. in parenthesis are for Annex 1)
MW Energy M Industrial process m Agriculture m Waste

% Share of Global GHG emissions from
Different Sectors in 2005
(Nos. in parenthesis are for Asia)

M Energy M Industrial process m Agriculture ® Waste

ybsolute quantity, 20.5% GHG emissions from non-Annex |
is'equivalent to 3748.5 MtCO2e which is double the GHG
from Agriculture sector from Annex-1 countries.

ok ally .agrlculture accounts to 47% and 58% of glob,aka
ethane and n}roﬂ;“'c‘»dd,é em,nsSaoﬁs ,. ’? :ﬁ
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LAND USE EIVIISSIONS

* Significant land use emissions are CO,, CH,
and N,O.

e CO, emissions are not considered since the
crop is expected to sequester the emissions in
the next season.

* Most of__the CH, and N,O emissions can be
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AGRICULIURE AS A DRIVER OF LAND
USE CHANGE AND RELATED EMISSIONS

300

* That fraction of land
use changes attributed ~ 200
to pressure from % 150
agricultural demand for % w0
land (agriculture as 50
driver), mostly CO,:

* Mostly estimated from
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Deforestation Drivers in Southeast Asia

W Subsistence agriculture, 44%

® Logging, 6%

 intensive agriculture, 44%
Ranching/pasture, 8%

mangabay.com using
Project Catalyst (2008) dal
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IRENDS LEADING TO INCREASED GHG
EMISSIONS
Animal Husbandry

* Enteric Fermentation
*Manure

Land Use
* Crop choice
* Inputs (fertilizers, energy)
Population Increase « Crop residue burning

Degrading natural GHG
resource base Demand for Food emissions

Food Consumption Production

Patterns

Stagnating productivity Land use change

Forest=> Agriculture

Forest = Others

OTHER TRENDS THAT CAN IMPACI
GHG EMIISSIONS

e Continuous increase in farm
mechanization with decline in farm animal
draft power.

* Decline in organic matter input and more
reliance on inorganic fertilizers.

* Over exploitation of groundwater for
wnggtno__whlch needs substantial
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FUTURE PROJECTIONS

* Non-CO2 emissions will continue to increase
in agriculture sector (US-EPA 2006, IPCC 2007,
Stern 2007)

e Most increases are to come from

— Methane: rice paddies, enteric fermentation,
anure,;-and burning straw
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POTENTIAL SECTORS FOR GHG
MITIGATION IN THE DEVELOPING WORLD

Potential emission reduction (GtCOe/yr)
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World Bank, 2009

"tal for low cost mitigation options in developing countries
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COSTS OF NATURAL HAZARDS ARE
INCREASING

4,000 — M Indonesia M Philippines Thailand M Viet Nam
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Source: ADB, 2009
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FUTURE IMPACTS OF CLIMATE CHANGE

Mo 1

Without carbon fertlzation Global warming
e e st s 0 would negatively

impact
agricultural yields
in most of the
developing world

Negative impacts
are higher in
absence of
carbon dioxide

Cline, 2007

fertilization
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KEY FUTURE IMPACTS IN AP REGION

* Greater food security challenges for South Asia due to
decline in rice and wheat yields and area under wheat

e Decline in freshwater availability in many parts of Asia
e Spring flooding and irrigation shortage in South Asia

* Coastal flooding due to SLR in South, East and South-
East Asia with —ve impact on Asian Megadeltas

n@a;ﬂ,ce‘aual melt and related outbursts in

4 Ay
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HIGH CC IMPACTS IN COUNTRIES WITH
HIGH NAT. RES. DEPENDENCY

: re function of exposure, sensitivity, and adaptive capacity.
-gﬁportional to exposure and sensitivity and indirectly proportional to
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HIGH EXPOSURE OF ASIA TO CLIMATIC
EVENTS

T

[ Hydrometeorological =1 Geological M Biclogical

’W@"

High incidence of hydro-met m} sw a§d;ou$sts, f[h(ﬁ,.c
in the highly populate’w
t'hf oy a‘ W

HIGH SENSITIVITY OF COUNTRIES WITH
HIGH NATURAL RESOURCE DEPENDENCY

¢ High poverty levels, especially in rural areas (500 million
subsistence farmers in AP region), characterized by low human
development index

¢ High dependency on primary production sectors such as
agriculture and animal husbandry (nearly 60% of total population),
that are directly impacted by climate change, coupled with lack of
dlver5|f|ed I|veI|hood options

b resources (inequality) coupled with rapid
f natural resource base including forests

l élgnd institutional systems (political, social,
al.a nd economic) reflecting fragmented and slow
development
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DEVELOPMENTAL STATE AND IMPACTS

GDP per capita Number of
(UsD)

Population (million) Fatalities Fatalities per event

County typhoons

Source: Mechler, 2004
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ADAPTIVE CAPACITY IN DEVELOPING
AND DEVELOPED ASIA AND PACIFIC

Per capita GNI, PPP basis (USD) 5399 10,357

Technology patent applications 1,214,326 12,420,319

(total since 2000)

% of paved roads in total (proxy) 30.8 (2000) 11.4 (2000) 36 (2000)
[57 (2004)]
Resource allocation (IRAI, rated on 3.5 3.3 3.3
1-6 scale) (IDA countries) (IDA countries) (IDA countries)

The World Bank, 2009; WIPO, 2009
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COST-BENEFIT OF ADAPTATION

40 ¢ Adaptation benefits are
397 much higher than the
g z: costs in the 4 countries of
%E vol South East Asia (Indonesia,
2 s Philippines, Thailand, and
* o] Vietnam; Figure on left)
051 * By 2100, the benefits of
0.0 adaptation would reach to

2000 2020 2040 2060 2080 2100 the tune of 1.9% of GDP

when compared to costs
at 0.2%

-' T
Y,

W 5-95% Benefit range = Benefit, mean
W 5-95% Cost range = Cost, mean

CLIMATE SMARI
TECHNOLOGIES

CLIVIATE SMAARTNESS
e “An agriculture that sustainably increases productivity,
resilience (adaptation), reduces/removes GHGs (mitigation),
and enhances the achievement of national food security and
development goals” (FAO, 2010)

REDUCES AGRICULTURE'S
SUSTAINABLY INCREASES STRENGTHENS RESILIENCE  CONTRIBUTION TO CLIMATE CHANGE

Achieved through

(FAO, 2013)
EXAMPLES
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POTENTIAL TECHNOLOGIES WITH
MULTIPLE BENEFITS
— Zero-tillage (or) conservation tillage
(wheat)
— Windrow Composting (Paddy straw)
— Leaf color charts (Rice)
— System Rice Intensification (Rice)

— Alternatlve nutrient sources and
: sndments (Rice)

on sequestration

.RE in agriculture

4

lid-season drainage

Mgt —"
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ROU-TILLA

n-r
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« Zero-Tillage saves 70-90 L of
diesel/ha

* Saves water (to the tune of ~1.0x10°
L water)

» Farmers save USD 40-55/ha.

 Reduced/ eliminate burning of crop
residues v

Climate and economic benefits
Rice stubbles retained/ mulched

i ok \
Source; RYC, 2005 - i

AEROBIC WINDROW COMPOSITING
RICE D1 RAW

¢ US Environmental Protection
Agency and US Composting

Chopping to short pieces for HE
quick composting COUhCI|.

Collection of Paddy Straw

— Aerobic composting doest
contribute to CO, emissions

Mixing Straw with inoculum
| —Itisconsidered as natural cycle
of 2-4 m long and 1-2 m height ..

e — Eliminates CH, and N,0O

emissions

LEAF COLOR CHARIS: NSAVED IS N

PRODUCED
Treatment N applied | Gr.Yield, kg PFP-N N saved,
kg hat ha kg hat
FP 149 6359 42.7 =
124 6371 514 25

Source: RWC, 2005

SYSI1EVI OF RICE INTENSIFICAITION

e Refers to a combination of technologies for
saving irrigation water, fertilizer inputs and
increase farm profitability.

Involves transplanting of young seedlings in
one seedling per hill in rows, intermittent
irrigation and drainage prqptlce g,,

Luk

,* Substantial gains in
Is, reduced losses
o) @achlng, reduced

knethan(e‘ern|55|9ns




FTOOLS FOR SCREENING
PRACTICES

MARGINAL ABATEMIENT COSIS

MAC=£

GHG

MAC = Marginal abatement cost ($t%)

Mct = Marginal cost of the new technology when compared to the baseline
technology

Mgue= Marginal reductions in GHG emissions

"=GHG,-GHG,

py ¥ I R M }‘:yit
- -, v e I-)V.u .

GHG EMISSIONS

GHG, = Activity x Ef x Sf

Activity data: E.g. area under particular technology or amount of biomass
burnt or amount of particular fertilizer type used

Ef: Emission factor, factor that provides GHG quantity by multiplication with
the activity data
Sf: Scaling factor, factor that modifies a sub-practice from the base line
practice (e.g. intermittent irrigation as against continuous flooding)
Notes:
s 9‘% IPCC guidelines for national GHG inventories,
s such as journal papers
ysed is not produced! (different from IPCC approach)
%EiTons are between Tier | and Tier Il approaches

§§.Cm€ Need to be standardized to either one of the Tiers.

" 1 o ; sy
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" . o ) " o
k oAl 4T o ) yi
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DENEFII-COUSI RANU

Costs Gross Income (GI)
Operational costs Yield per ha (t/ha)
Human labor Value of main product per ha
Bullock labor Value of by product per ha
Machine labor
Seed ) .

. Cost : Benefit Ratio
Fertilizers and manures
Fertilizers -
Manure TotalBenefits
Insecticide =
Irrigation TOtalCOStS

Interest on working capital

srents and farm buildings

i = Q VA

AT o

« Notes: Positive and negative externalities can also be considered ¢
o WiMige b oif g ' t
IHS Cgng " el DS Vi v
- L ' VR ¥




IVIARGINAL ABATEMIENT COST FOR
CONSERVATION TECHNOLOGIES

(=]
g | Composting

System Ri ce Intensification

B oo s

BENEFIT : COST ANALYSIS

TR °
.t)\ Leaf Clor Charts {Rice) SRI {Rice) Composting (Paddy
straw)

L

COUNTRYWIDE GHG MITIGATION
POTENTIAL (E.G. INDIA)

100.0 -

Mt CO2-e
v
o
=}

-

at) Leaf Clor Charts (Rice) SRl {Rice) Composting (Paddy straw)

VIt CO2-e mitigation potential of the above 4 technologies

B o i

EX-ANTE CARBON BALANCE TOOL
{EX-ACT, FAO): PROS

* Provides ex-ante estimations of net carbon
balance of GHG estimations and sequestration
in agriculture and forestry development
projects

* Aimed at

mcreasmg the accuracy of carbon accounting

= Sug investments in climate smart agriculture

'_'ollcy analysis

"~'. accounting system that compares

; nag ,’Tﬁgﬂtlorfw




eEX-ACI 10O0L: CUNS

‘=T, Wi oo e Resilience/adaptation components

St e e e are still being developed

EASYPOL - "=55 o No cost-benefit analysis for
comparing options

The EX-Ante Carbon-balance Tool
(EX-ACT)

e Requires a good training for
getting full potential out of the
tool

* Appears to be daunting and only
suitable for medium to large sized
projects (con) but one can soon
familiarize with it

LT s e T AT = s gr=—===—x LSS —
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RESILIENCE 1OOULS: RO

[ Resilience Capacity Index (Rcl) ]

-—-"'\\ / \\ /""-—-,__,__7_7__
- R \\ / S . \\ // ,N 7:_:”'
7 oy N ocio- Vi o ¢
Eco,%gai \, Demographic [~ / Qo""‘:\((;c{\\l\“l
C o N Capagit JARRN G T S I
Paciy,” [ pacty 0 car?®
Income Equality Educational Attainment Civic Infrastructure
Economic Diversification Without Disability Metropolitan Stability
Regional Affordability Qut of Poverty Homeownership
Business Environment Health-Insured Voter Participation
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RESILIENCE TOOLS: IUPA

* Index of Usefulness of Practices for
Adaptation to climate change (IUPA) Index
(Claudio Szlafsztein, Federal University of
Para, Brazil)

— Integrates both qualitative and quantitative
: Eara_eters into a single index

s4ng the weightings for individual

LOCAL ADAPTATION INDEX {LAIN)

Laln=

KR”"- Index, — Mean,, (Index;)

*Weight / Max(Score *60—
i StdeVau(lndexi) 9Nt gex J ( )all:|

Read.

Vuln. — i
gt Index; — Mean,, (Index;) *Weight, .., |/ Max(Score),, | *40
.- Stdevj (Index;)

Vuln.




LOCAL ADAPTATION INDEX FOR EVALUATING
EFrFeCIHIVENESS OF ADAPIATNION OPTIONSY

Ac, AIterna.twe
Scenario

Progress in Laln

S~
~
| T==== BAU scenario

T2 T3 . T4
Where:
Ae,: gffectlveness of adaptation action

Acy, Acy: Laln vague at t|m 1' TZg
x, My, 1z adaptatlon.aatwn i
o Ll

Review Literature for identifying indicators, Regional
Adaptation Metrics Consultation (Year I) Adaptation Decision
* Making Framework

Indicator vetting through Participatory Appraisal Processes (Yr. lI-11l)

i Focused group discussions and ranking of

1 indicators and criteria with researchers, local
i administration, and NGOs etc in each project
, country in GMS region (

1 Developing draft questionnaires for inputs from 3
i communities, local administration, NGOs and H

'
, researchers (Yr. 1) !

: i Conduct pilot quesuonnalre surveys to test the |
1 usability of questionnaires (Yr. Il) '

Conduct actual surveys for identifying local
effectiveness indicators (Yr. Ill)

Participatory ranking of !
indicators and criteria :
-

i

‘ Incorporatlon of local effectlveness indicators !

i into Galn computation for arriving at Laln (Yr. lll) |
| i

v
g Laln into local decision making mechanisms (Yr. I11-V) |

: Conduct consultations with local admin and

‘ NGOs etc to identify strengths and weaknesses
\ - for malnsfreamlng Laln into their declsmn 5
Fi A ing process

AW A s T i Vi O e
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VULNERABILITY AND READINESS
INDICATORS FOR LAIN

_ Indicators (Bangladesh, based on pilot survey)

Vulnerability * % farms with soil degradation (exposure)
*% soil cover (exposure)
* Period of fresh water availability (exposure)
* Area under high water use crops (sensitivity)
* Area under arable farming (sensitivity)
* Soil organic matter content (capacity)
* Area under reduced tillage (capacity)

*% of households having access to credit (economic)
*% of households having access to markets (economic)

WVIOCK EXERCISE: LAIN

Indicator values for BAU practice

Indicators (Bangladesh, based | Value Range
on pilot survey) (Min Max)

Vuln.  *% Soil degradation 5-30 0.67 0.14
*% soil cover 40 10-70 0.57 0.14
*Period of water availability 120 50-200 0.60 0.14
(days)
*Water int. crops (ha) 50 40-60 0.83 0.14
*Arable farming (ha) 80 40-90 0.89 0.14
*Soil OM content (%) 0.5 0.25-1 0.50 0.14
*Reduced tillage (ha) 10 5-60 0.17 0.14
*Households credit access (%) 40 10-80 0.50 0.50
*Farmers access to markets (%) 50 20-80 0.63 0.50

Note: Scores are calcyle'uged’by‘imear normahzaﬂon.wnth Wes#i
s | e T aWytin y




WVIOCK EXERCISE: LAIN

Indicator values for ZT practice

Indicators (Bangladesh, based | Value Range Score | Weight
on pilot survey) (Min Max)

Vuln. *% Soil degradation 5-30 0.17

*% soil cover 70 10-70 1.00 0.14
Period of water availability (days) 180 50-200 0.90 0.14
*Water int. crops (ha) 30 40-60 0.50 0.14
*Arable farming (ha) 80 40-90 0.89 0.14
*Soil OM content (%) 0.75 0.25-1 0.75 0.14
*Reduced tillage (ha) 40 5-60 0.67 0.14
*Households credit access (%) 50 10-80 0.63 0.50
*Farmers access to markets (%) 60 20-80

Note Scores are caIcuIated ,by..llnear)lormallzatlon with tl}geswm
‘ < ) . '1.
I - '3l ‘ " "

fHE USE OF LAIN IN THE GANGETIC BASIN

—Racgladeih DD S5 b0 BAL  —indis Hepsl

Ll Vale

Ground Water Pumping, Bangladesh
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NAT uhAL Rtgtmmt
CONSERVATION

WhY CBNRIVIY

1. Proximity to and dependency on resources: Communities live close
to natural resources, they are benefited by them and hence can be
effective stewards of those resources

2. Equity: Communities have diverse interests in natural resources and
achieving a consensus on benefit sharing is an important aspect
3. Capacity: Communities often have better understanding on resources
that they live in proximity than other stakeholders
4, B|od|ver5|ty Multi-purpose management of natural resources by
i ‘sfoften have higher biodiversity benefits than single

philosophy. Local participation, decentralization, and

: subsndlarlty may, in themsel.yes be;onsndered import
devel t ti Yy L
[, somenaneenes, T




CUVIIVIUNITIES ASLCENITRAL 11U

ELUDYIIEIVIDIEVVARLOAIF TEDD)

e Conventional NRM that is based on optimizing
and maximizing sustainable yield of single
resource has met challenges from various global
changes being faced

* ESS considers sustaining the capacity of
ecosystems to provide services that benefit the
: ‘by.linking the integrity and diversity of

: , - —
B oondsiniin

COIVIVMIUNI LY BASEU NRIVI

* Development of technologies and livelihood options by
involving communities right from the beginning instead
of seeing communities as ‘end of the pipe
beneficiaries’. Some examples:

— Chipko movement of forest conservation in Garhwal region
of Uttarakhand, India

— Participatory R&D of resource conservation technologies in
Gangetic basin by the Rice-Wheat Consortium

s examples in watershed management, soil
ation, fishery management, payment of ecosystem
;- agroforestry, catchment protection, livelihood

sersification etc.
ot &

CONCLUDING 1ROUGHIS

CURRENT ADUPIIUN RAIE Ur

CUNSERVAIIUN 1eCAaNULUGIES

e 7T area in entire South Asia: 2 M ha.

* Adoption of other crop technologies is in sub
thousand hectares.

e Annually, an estimated 35 million tons of
paddy straw is being burnt in India, Thailand
and Philippines even today.




ISSUES WiiTH SCALING UV /
eCANOLUGY ADUPIIUON

* No incentives for adopting GHG mitigation
technologies.

* The technologies with high abatement
potential doesn’t necessary to have high
benefits per unit investment which farmers

POSSIBLE POLICY MEASURES FOR PROMOTING
CLIVIAIE-OIVIAR | AURICULI URE

* Solving the puzzle of agricultural input subsidies.

* Incentives [and disincentives] for agricultural
practices with high [low] conservation benefits.

e Market mechanisms (Carbon sequestration in soil
and price on carbon)?

AGQRICULIURE AND LAND USE
CHANGES

 Various agricultural drivers leading to
land use changes

— Poor productivity

— Degrading natural resource base (declining
factor productivity: e.g. as in case of Indo-

REDUCING AGRICULIURE PRESSURE
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Thank You!

prabhakar@iges.or.jp




