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Abstract

Local knowledge and active participation in research is increasingly encouraged, not the least for
identifying sustainable adaptation options. However, despite that participatory mapping has advanced
from sketches to informing digitalised maps since the 1990s this type of local knowledge is rarely
included in agroecological zones (AEZ) mapping. For a new project on climate-smart agriculture and
forestry local knowledge was incorporated to characterise agroecological zones in Huong Lien
commune, Ha Tinh province, northcentral Viet Nam. The purpose was to determine adaptation
options associated with particular agroecological zones. A GIS spatial database with land use,
topography, NDVI was generated to derive an agroecological zones map and ground-truthed with the

participation of local villagers through transect walks and SWOT analyses by land use type.

The study shows that local participation is vital for ground-truthing maps, to fill in gaps when time
series data is available and for marking out natural hazard areas. In this particular case, local
perceptions of strengths and potential adaptation options associated with particular agroecozones was
useful for revealing adaptation gaps. The classification rules for the AEZ need careful consideration,
especially when the mapped areas are small, to make the maps useful beyond the study area. This may
require more careful transect walks to identify nuances in forest quality for determining forest

management. Methodology for inclusive local knowledge needs to be further developed.

Keywords: Local knowledge, participatory mapping, agroecological zones
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Introduction

Globally, about one billion hectares of land have at least 10% tree cover (Nair and Garrity 2012),
contributing to multiple co-benefits of food security, climate change adaptation and mitigation (FAO
2013). Such so-called climate-smart landscapes hosts a diverse range of species that maintain
ecosystem services, e.g. providing habitats for biodiversity, maintaining connections between
fragmented forest plots and supporting healthy watersheds by buffering for rainfall variations (Van
Noordwijk et al. 2011). Monitoring such synergies are priorities for planning more resilient

landscapes.

The value of participation and co-production of spatial information

Local ecological knowledge is co-production of knowledge between e.g. farmers, extension
(Newsham and Thomas 2011). Co-learning approaches can prevent that different perceptions of a
problem result in maladaptation (Simelton et al. 2013b). In addition, studies show that community

carbon monitoring can be as reliable as expert monitoring (Larrazabal et al. 2012).

The value of local knowledge in participatory mapping activities has been recognised both as a way
for developing local capacity, notably for generating a sense of co-ownership and compliance in
community development and natural resource management (McCall and Minang 2005). For example,
particpatory sketches range from stand-alone maps to potentially integrated with conventional GIS-
maps for comparing perceptions (Vajjhala and Walker 2009). Participatory GIS developed as concept
and tool to contrast the idea of one objective technical solution. It recognises the co-production of

spatial information with multiple, sometimes blur boundaries (Dunn 2007, Tolo et al. 2012).
Agro-Ecological-Zoning (AEZ) mapping

Agro-ecological zoning (AEZ) was developed in the 1970s by FAO as an approach for rural land-use
planning to design specific recommendations for land units (zones) depending on their potentials and
constraints, to either increase production or limit land degradation. The zoning was based on soil,
landform and climatic characteristics and combined with a land use inventory. (FAO 1996). Since
then spatial and temporal resolutions of data, including satellite imagery, have developed and enabled
diversified usages. Over large areas remote sensing imagery can easily be combined with
socioeconomic map layers to identify benchmark sites for research projects (Thenkabail et al. 2000),
assess and update environmental status for crop failure early warning or climatic vulnerability
hotspots (Brown 2009, Sietz et al. 2011). At landscape or catchment scales this type of mapping easily
lends itself to scenario modelling assessments with adaptation options (Pansak et al. 2010). Layered
geographical information is seen as transparent and user-friendly for local planning and natural

resource management purposes. Furthermore, the speed, ease and perceived certainly that remote



sensing offers makes it popular for rapid assessments of land use changes and carbon storage and land
use changes. However, a major limitation in AEZ is that biophysical information tend to dominate
mapping while socioeconomic interactions and landscape dynamics are often lost in conventional
datasets. One reason for this is that ground-truthing is often done by “external experts” without the
participation of people who inhabit and use the areas, hence not taking full advantage of local
knowledge. (Villamor et al. 2010). According to Esri ground-truthing is the “accuracy of remotely
sensed or mathematically calculated data based on data actually measured in the field”'. Ground-
truthing is typically research-led, excluding or not specifying local participation (e.g. Tolo et al.
2012). Engaging local knowledge for constructing or ground-truthing maps is associated with fuzzy
and unstructured boundaries, therefore (wrongly) perceived as more time consuming and costly
(Vajjhala and Walker 2009). Studies show that community participation can easily be integrated with
conventional ground-truthing of satellite images for land use change analyses, adding contextual
narratives between the sequences of maps (Lindstrom et al. 2012). Here, we refer to this as as

“participatory ground-truthing”.

The original purpose of this study was to derive adaptation options for each agroecological zone for a
district in Viet Nam. However, to our surprise the scientific literature returned few methodologies or
examples of where (i) local socioecological knowledge is incorporated in either agroecological zoning
or ground-truthing, and (ii) where AEZ is linked to climate change impacts and adaptation (Table 1).
Sutton et al. (2013) linked climate change impacts and national adaptation menues to AEZ in four
countries. For benchmark site selection Thenkabail et al. (2000) used SPOT HRV and FAO soil maps
with transects of biophysical samples for ground-truthing but did not link to climate change impacts.
Tian et al. (2013) coupled a crop model and an AEZ-model to study climate change impacts. Here,
using rice cultivar parameters to close the gap between simulated and (census) yield data confirms the
validation, rather than participatory ground-truthing. For Binh Dinh province in Viet Nam, Nguyen et
al. (2013a) used MODIS satellite image and land use maps to study climate impacts on rice
production for different AEZ, providing no details of the ground-truthing method. Tran et al. (2013)
used SPOT satellite imagery to identify management plans for planted forest in Phong Nha-Ke Bang
National Park, using ground-truthing based on GPS points and Kappa index, but did not link to
climate change adaptation. Nguyen et al. (2013b) used a random stratified method with two transect
walks from north to south and west to east to validate the satellite imagery interpretations. Here, local
knowledge was built-in through, semi-structured interviews with farmers on land use and cover types,
temporal changes and meteorological impacts to identify adaptation strategies for different

agroecological zones.

! Esri Online GIS Dictionary http://support.esri.com/en/knowledgebase/GISDictionary/term/ground%20truth Accessed on October 4, 2014.



Table 1. Agro-ecological zoning studies according to ground-truthing approach and links to climate change

adaptation
Types of AEZ Ground-truthing AEZ links to CC-
. Data source . . Reference
(area, location) method impacts/ adaptation
Central & West SPOT yes (Biophysical no Thenkabail et al. (2000)
Africa, Benchmark FAO soil map samples)
site selection
National SPOT and Landsat yes no Biodiversity

Conservation Agency
(BCA) et al. (2013)

Phong Nha — Ke SPOT yes (transect) no Tran et al. (2013)
Bang National
Park, Vietham
Planted forest

Binh Dinh, MODIS nd yes Nguyen et al. (2013a)

Vietnam Land use map

Rice crop

NE China Rice production data no (yield data) yes Tian et al. (2013)
DDSAT crop model

Quang Ninh, Satellite imagery yes (transect) yes Nguyen et al. (2013b)

Vietnam

Research questions

The Climate-smart, Tree-based, Co-investment in Adaptation and Mitigation in Asia programme,
SmartTree Invest started in 2014, The programme works with smallholder farmers, in selected
vulnerable areas in Indonesia, the Philippines and Viet Nam to help create local solutions to cope with
climate-change risks in collaboration with governments, development agencies and the private sector.
As one objective the programme focuses on obtaining gender-sensitive, scientific assessments of

vulnerability®, adaptation and mitigation with the help of local people’s ecological knowledge.

This working paper contains the first preliminary results to derive a suitable baseline methodology for
(1) characterising agroecological zones with participatory ground-truthing, (ii) combining local
knowledge and map information for identifying adaptation options. The report builds on the Bachelor
thesis by Doan (2014).

2 Background to the project is available at https://webapps.ifad.org/members/eb/109/docs/EB-2013-109-R-22.pdf and
http://blog.worldagroforestry.org/index.php/2014/06/16/co-investing-in-landscapes-with-smart-tree-invest/

3 Vulnerability is the extent of exposure to risks and the level of ability to survive their impact. It is scale-dependent, both across time and
space: risks, shocks, changes and the ability to cope vary between physical spaces and within social groups.



Data & Methods

Study site

In Viet Nam the SmartTree Invest project is implemented in Ha Tinh and Quang Binh provinces. This
study is carried out in Ha Tinh for piloting the method. Located on Viet Nam’s northcentral coast, Ha
Tinh province covers 600,000 hectares (out of which 20% agriculture land and 58% forestry land) and
holds a population of 1.2 million (84% rural), according to statistics data for 2012 from Viet Nam
General Statistics Office (2014). Agriculture, forestry and aquaculture expected to contribute to 18%
of the province GDP in 2015. The economic growth of the primary sector is considerably slower than
the secondary and tertiary sectors, and exposed to extreme weather events and impacts of climate

change (People’s Committee Ha Tinh province, 2014).

The average annual temperature is 24.5°C while minimum temperature can dip to 3-7°C leading to
cold snaps and maximum temperatures reaching over 40°C (Figure 1). The annual total rainfall varies
between 1500 and 2000 mm with the majority falling between August and November and spring
droughts are common in association with the dry Lao (foehn) winds. The province is on average hit
by one severe storm per year. The peak storm period August and September is associated with heavy
rainfall, flooding and flash floods. (Simelton et al. submitted-a). In 2006, the province’s agriculture
and forestry production was valued at 6.4 billion VND, equivalent to an annual 16% increase of GDP
between 2001 and 2006. Further preparedness and planning are needed for mitigating risks related to
sea level rise, salt water intrusion, increasing storm frequency and magnitude, as well as dry spells
(ISPONRE 2009).

Table 2. General socioeconomic information for the study sites in Huong Khe district, Ha Tinh province (May

2014)

Huong Lien commune Village 1 Village 4
Total area (ha) 5010 620 432
In which, forest area (ha) 4600 560 350
In which, agricultural area (ha) 380 16 20
Population 2448 449 480
Ethnic group Kinh, Chut Kinh Kinh

Source: PC (2014)
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Figure 1. Climate for Ky Anh, average monthly temperature and rainfall 1982-2011

Data and methods

The methodology follows the conventional agro-ecological characterisation of FAO (1996) which
derives agro-ecosystems from biophysical data such as climate, topography, soil, hydrology, land use
and land cover. Land cover is based on vegetation while land use implicitly includes socio-economic

information such as labour, capital inputs and management.

Meteorological data

The meteorological data includes daily minimum and maximum temperatures and precipitation for
1982-2011 for four stations in Ha Tinh province: Ha Tinh, Huong Khe, Huong Son and Ky Anh and
originates from IMHEN. The dataset underwent conventional quality control and statistical analyses
of trends (e.g. Song et al. 2004). Less than 1% of data is missing for each station (the highest was

0.5% of temperature observations for Huong Khe station).

The meteorological data is not mapped due to lacking information on the exact location and elevation
of the stations to sufficiently represent agroclimatic zones (Bouma 2006). Instead analyses incorporate
local perceptions of change and variability (Simelton et al. 2013b) based on interviews and focus

group discussions in the same district between 2012-14 (Simelton et al. submitted-a).
Mapping

All data used for producing maps is described in Table 3. The flowchart Figure 2 illustrates each step
of the procedure with details described below and the type of GIS-file is indicated in [*.xxx]-brackets.
The resolution of all maps is 1:50,000. All GIS maps are produced and analysed in ArcMap 10.



Table 3. Data used for deriving agroecological characterisation, Huong Lien commune. Arrows indicate the

steps involved to derive the final map.

Type of data Source of data Time period Final output

Satellite image 8 Oct 2013 Land Cover map
Landsat 8,

—>Land cover map [*.shp] 6 classes [vector]
UTM-WGS84-48N

Satellite image

—>Biomass [*.hdr]

Contour map [vector; *.shp] MONREP 2008
- DEM [raster; *.tif]

-> Slope [raster; *.tif]

(USGS, 2014%) NDVI map [raster]

Slope map

3 classes [raster]

Administrative map [*.shp] MONREP 2010 [vector]

Land Use map [*.shp] + Local MONREP 2010

information + i i

Agricultural census data Huong ;‘:Li"r"togtrrent :‘rzz)jzarter Land Use map 2013
Lien commune, Huong Khe status of agricultural

district production

Land cover map + Biomass N/A 2013 Ecological zones
(NDVI) + Slope map map

(fuzzy overlay) 3 classes [raster]
Ecological zones + Land use N/A 2013 Agroecosystem
map (fuzzy overlay) zones map 10

classes [raster]

2 Downloaded from USGS http://earthexplorer.usgs.gov/; P(MONRE=Ministry of Natural Resources and Environment Viet Nam

Satellte image Contour

Land Use 2010

Boundaries

Ecosystems

Land Use 2013

Fuzzy ovariay

Figure 2. Flow chart for the agro-ecological characterization and analysis



The agroecological mapping is done in the following major steps (See Figure 2):

Land cover. A Landsat 8 satellite image [raster] is interpreted first using unsupervised
classification, which resulted in 10 land cover classes (automatic classification). After ground-
truthing (transect) and participatory “evaluation” the classification keys were reduced to six land
cover classes [shape]: rich forest, poor forest, shrub, short grass, water surface and bare land. The

area is estimated per land cover type.

NDVI. Vegetation density is interpreted from the remote sensing image. By focusing on the bands
that are most sensitive to vegetation information, the near-infrared (NIR) and visible red (VIR),
the Normalised Difference Vegetation Index (NDVI) is calculated following Tucker (1979) as:

(NER=VIF)

NDVIE = v

Eqg. 1

The NDVI index ranges between 0 and 1, with 0 representing bare land and 1 thick vegetation.
The produced NDVI map is in raster format.

Slopes. Contour data [layer]is first converted into Triangulated Irregular Network (TIN) then a
Digital Elevation Model (DEM) [raster]. Using the ‘Slope’ function the DEM a slope layer is

created and reclassified into 3 slope classes: <5°, 5-25° and >25°.

Land Use. The land use map from 2010 was updated through participatory mapping, transect
walk and statistical data. The 2013-map [vector data, shape file] is redrawn (digitalised) from
2010-map using Toolbars>Editor (see Boundaries in Figure 2). The two maps are compared in

land use change.

Ecosystems map. The ecosystems map includes the following three maps: land cover, NDVI and
slopes. First the land cover data layer is converted from vector to raster. Next the three maps are

combined by the ‘fuzzy overlay’ subtended by ‘AND’. The overlay resulted in three ecosystems.

Agro-ecosystems map. The agro-ecosystems map includes two maps: the ecosystems map and
the land use map from 2013. First the land use map is converted from vector to raster. Next the
two maps are combined by ‘fuzzy overlay’ subtended by ‘OR’, to identify the characteristics of
both maps. Ten agroecosystems classes (zones) are derived. Here we use the term “zone” for
larger areas while “system” is more specific, i.e. an agroecological zone can contain different

agoecosystems. In the case of forestry we classify only four types.

Local socioecological knowledge

Participatory ground-truthing. Two transect walks with local farmers are done to ground-truth
land cover and vegetation maps as well as informing the characterisation of agroecozones. The
farmer groups consist of four key informants, one woman and one man from each village. In total
seven observation points were made in March 2014, one in east-west direction and one in south-

north direction. For each point the following information is documented: GPS reference point



(longitude and latitude, elevation), slope, soil and land use description, information about

agricultural production, pest and diseases, incomes, tenure and natural hazards.

e Agroecosystem characteristics. Local knowledge incorporated in the characterisation include
farming calendar, exposure to climatic risk and adaptation solutions (Simelton et al. 2013a), and a
SWOT analysis is done for each zone, e.g. strengths, weaknesses, opportunities and threats are

identified.

Validation

e Ground-truthing. Technical ground-truthing of maps is based on random stratified method
(Brogaard and Olafsdottir 1997). The initial analysis is done by visual interpretation of the
satellite image to identify different land cover types. For each land cover type, a number of
samples will then be visited in field recording e.g. coordinates (GPS), vegetation type and land
cover density. In addition to conventional approaches, local observations and knowledge are

included in the ground-truthing. (Nguyen et al. 2006, Leisz and Rasmussen 2012).

e Interpretation of accuracy. The accuracy of the image classification process is evaluated by an
error matrix and Kappa statistics following Congalton (1991). The Kappa(k) indicators are
calculated following Jensen (1996, p. 318):

N Zr: X — Zr: (Xis-X.5)

K =

r

2
N~ — Z (Xi+'x+i)
i=1 Eq. 2
where r is the number of rows in the error matrix; X;i is the number of observations in row; and

column ; xj+ denotes the marginal totals of row |; X+i is the marginal totals of column ; and N

stands for the total number of observations (Bishop et al. 1975).



Results

Climate — meteorological observations and farmers’ perceptions

Table 4 gives the average meteorological data for four stations in Ha Tinh province and Table 5 gives

a brief summary of five observed temperature and rainfall extremes for the two locations closest to

Huong Lien commune. Few record dates overlap for both locations (one cold spell and two heavy

rainfalls), suggesting that extreme events are local. Furthermore, except for cold spells the record

dates are fairly spread over the 30-year period.

Discussions with local farmers, suggest that the combination high humidity and low temperatures may

better indicate the type of cold spells that cause fungus or crop failures and animal diseases. Local

farmers say that the frequency of storms has increased and is no longer associated with a particular

month as it used to be. Four particularly damaging floods occurred in 2006, 2007, 2010 and 2013 and

are partly explained by discharge from the Ho Ho hydropower station located upstream of the two

villages in this study and which opened in 2007. This is partly confirmed by the rainfall observations

for Ky Anh which do not indicate abnormal rainfall in recent decade, while the average levels for

Huong Khe are slightly higher from 2007 and onwards compared to the 20 previous years (Figure 3

and Supplementary Figure A2). In addition, two of Huong Khe’s five rainiest days in 30 years
occurred in 2007 and 2010 (Table 5).

Table 4. Daily meteorological data for Ha Tinh province, 1982-2011

Variable

Information

Meteorological station

Ha Tinh Huong Son Ky Anh Huong Khe

Temperature Annual mean (°C) 24.8 24.7 24.9 25.0
(minimum, Min observation (°C) 4.4 2.3 7.4 3.7
maximum) 7 Feb 1995 24 Dec 1999 2 Mar 1986 24 Dec 1999
Max observation (°C) 40.2 40.5 40.4 42.6

3 May 1994 9 May 1992 16 Jun 2006 9 May 1992

Precipitation Annual total (mm) 2680 2085 2816 2444
Max observation (mm) 657 519 573 493

10 Aug 1992 11 Oct 1983 7 Aug 2007 3 Oct 1983

Table 5. Extreme weather events in Huong Khe and Ky Anh meteorological stations 1982-2011

Top 5 Huong Khe Ky Anh
Coldest days 3.7-5.4°C 7.4-8.4°C

Jan 19832, Dec 1999 Dec 1982, Jan 19832, Feb 1986, Feb 1996
Hottest days 41-42°C 39.5-40.4°C

Rainiest days

Longest dry spell
days with<1l mm
rainfall*

May 1992, Jul 1998, May 2003, Apr 2007
347-480 mm in one day

Oct 19832, Aug 1990, Sep 1996, Aug 20072,

Oct 2010

30-77 days

Feb-Apr 1992, Jul-Aug 1992, Dec 1999-Jan 2000,
Jan-Feb 2009

Jul 1984, May 1987, May-Jul 2006

455-573 mm in one day

Oct 1983%, Oct 1984, Oct 1993, Oct 1999,

Aug 20072

32-37 days

Mar-Apr 1984, May 1992, Jul-Aug 1993, Jun-Jul
1996, Jul-Aug 1998, Jul-Aug 2000, May-Jul 2006,
Jun-Jul 2007

*) Assuming meteorological observations indicate that rain gauge is fully functioning; ) records coincide in both places
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Figure 3. Time series for monthly average temperature (red) and total rainfall (blue) for Huong Khe with 12
months moving average (black line) 1982-2011. Corresponding time series for Ky Anh see Supplementary
Figure A2.

Climate change scenarios for Huong Khe district were based on the high emission (A2) scenario for
the north central region in Viet Nam in 2012. Trends for the season rainfall and temperature up to
2030s are shown in Supplementary Figure A3. Overall, temperatures are projected to increase
throughout the year but winter and spring temperatures increase slightly faster. The projected annual
total precipitation changes are very small; instead the distribution throughout the year may change to

drier winter and spring seasons and wetter summer and autumn seasons (Appendix A Figure A3).

Table 6. Participatory identification of major risk periods for extreme events associated with four land uses.

Weather J F M A M J J A S O N D
Cold spell A A
Hot spell A

Drought HG, A, PF, NF

Floods HG, A

Landslide HG, A, PF, NF

Storm, . HG, A,
tornado HG, A, PF, NF NF (especially) PE. NF

Land uses: A= Agricultural Land, HG = Home Garden, PF = Plantation Forest, NF = Natural Forest

Source: Transect walk 2014
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Agro-ecological zones

The mapping flowchart is given in the methodology section Figure 2. Here we highlight a few of the
maps. The ecosystems map is combined of NDVI, land cover and slope (Figure 4a), where the
resulting categories (shown in Figure 4c¢) is an interim map before finally combined with the 2013

land use map (Figure 4b) resulting into the agroecological map (Figure 4c). The maps are provided in

full scale in Appendix B.

Figure 4a. Three maps forming the ecosystem map: land cover, NDVI and topograhy (TIN image is shown for

more detail)

===== T mop sy o s Table 7. Land cover types in Huong Lien

i commune

13 Land cover 2013 Area (ha)
i Bare land 54.9
i Short vegetation, incl annual crops 477.8
) Shrub 162.1
. Rich forest 3344.0
: Poor forest 836.8
! Water surface, incl Ngan Sau river* 227.0

" Total area 5102.6

*) Ngan Sau river area is interpreted from the
satellite image not from the land use map (compare

Figure 4b. Land Use map 2013 Table 11)

The maps indicate that vegetation (density) is closely associated with topography. Cultivated areas
and homesteads (home gardens) with high human impact on low elevations and plains near rivers.
Forested areas with low human impact and high biomass value on higher elevation with moderate

slopes and with less human impact but low biomass value on higher elevations with steep slopes.
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Figure 4c. Maps of ecosystems (left) and agroecological zones (right), Huong Lien commune

The resulting seven agroecological zones were reclassified into four (Table 8): (i) paddy and
agricultural crops, (ii) home garden, (iii) plantation forests (mixed bamboo and timber forest) and (iv)
natural forests (merged rich, average and poor forests and regeneration forests). The natural forest
zones were merged due to practical difficulties separating the categories in field. In this case the
management is regulated by forest protection policies and thus the same regardless of the forest

classes.

Table 8. Summary of agroecological zones in Figure 4c. GPS point refers to transect walk in Supplementary

Figure Al (Appendix A)

Agroecological Approx. Characteristics GPS reference point
zone range NDVI UTM- WGS84 — 48N
Annual crops (paddy 0.01-0.03 Flat terrain, alluvial soil Point 1
rice, field crops near/on river banks, average (48N X578099 Y1997798)
especially maize fertility, coarse gravel mixes Point 6
and peanut) Land tenure for most (48N X579330 Y1996996)
households
Home-garden 0.03-0.04 Slopes <5° Point 2
(vegetables, fruit Ferralsol, average fertility, (48N X577770 Y1997941)
trees, maize compaction, risk of drying Point 4
intercropping) (48N X579306 Y1997471)
Plantation forest 0.04-0.06 Hilltops and foothills Point 3
(Acacia spp) Slopes 10-30° (48N X577410 Y1997862)
Ferralsol, good drainage Point 7
Tenure since 2009 (48N X579374 Y1996454)
Natural forest 0.07-0.09 Steep slopes >25° Point 5
Ferralsol, good drainage (48N X580311 Y1997697)

Table 9. Land use and farming calendar depending on soil type in Village 1 and 4, Huong Lien commune

Village Soil types J F M A M J J A S (0] N D
Lowland Rice | I Rice Il
1 Upland poor soil Maize or peanut
Avg fertile soil Maize | | Peanut Maize Il
Rice | | Rice Il
4 Lowland Peanut Green bean
Upland avg fertile Maize | Maize Il
soil Peanut | | Peanut Il

Source: Transect walk 2014
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Paddy and agriculture fields

Paddy rice is traditionally grown along Ngan Sau river banks. The soils vary from moderate drainage
and fertility to poor soil with coarse mixed gravel and suffer from fluvial erosion processes. Annual
crops are grown on ferralsols near the foot of the hills which have been converted from forestry. The
distance from the river means they have less water access (see Table 8 and “lowland” and “upland” in
Table 9).

The production in Village 1 is unstable due to its vicinity to the river due to landslides and
compaction and in Village 4 flood risks are high between July and October. Monoculture is more
common in the drier parts while on more fertile soils it is possible to rotate at least two crops of

peanut, maize and green beans or intercrop maize and peanuts.

Land tenure status varies in the two villages: the Red Book procedures started in 2013, while at the
time of the survey some households had received “licenses” to use land but not the actual legal
documents. In Village 1 this depended on that land use designations were changed after a flood
disaster in 2013.

Home gardens

Home gardens are usually located in low-lying areas near paddy and crops fields. The soils are
moderately deep Ferralsols with average soil fertility. Home gardens contain fruit trees (bananas,
pomelo), ornamental trees, maize intercropped with peanut, mixed vegetables and Aquilaria. Yield
declines of traditional fruit trees have resulted in policies promoting Aquilaria since 2007. Farmers
expected higher incomes, however at the time of the survey few Aquilarias had been harvested.
Home gardens are affected by two main natural hazards: hot spells with drought risks from April to
June and flood risk during the typhoon season from July to October (Table 6). Village 4 is situated in
lower elevation and severely affected by floods. Home gardens on Ngan Sau river banks in Village 1
are exposed to landslides. Slopes with compacted soils near the rivers are easily dried up in April-

May before the rains, aggravating the risks for overland flow during heavy rains.

Production forests

Huong Lien commune has two main forest production areas, predominantly with monoculture Acacia
hybrid or A. auriculiformis. Some 42 ha were planted in 2009 on hill tops at relatively higher
elevation adjacent to the central valley in northwest and another 50 ha planted in 2009-10, is located
at relatively lower elevations near Ngan Sau river in the eastern part of the commune. By March 2014
no trees had yet been harvested. All forest plantation owners have Red Book. The plantations and are
generally located on 10 and 30° steep slopes on rocky brown and yellow Ferralsols. The soils are
fertile with good drainage. The spacing is approximately 1.5-2 m x 1.5-2 m with 2,500 to 4,400 trees

per hectare which reduces soil erosion, especially on very steep thin soils.

-13 -



Plantation forests are typically converted to annual crops when households are in need of cash or

when land use types are provisionally changed without full Government authorisation.

Natural forests

Natural forests cover approximately 260 ha on slopes steeper than 25°. These ecosystems are
protected and managed through the Ngan Sau forest management board and Chuc A Forestry
company. The soils are fertile yellow brownish Ferralsols, with good drainage and soil moisture. Soil
erosion, mainly landslides are limited to the steep slopes. The forest cover reaches up to 98% with
natural regrowth of short trees and undervegetation of shrubs. Local species include e.g. Vatica
tonkinensis, Michelia mediocris, Fagus sylvatica, Engelhardtia roxburghiana, Endospermum
chinense, Rhodomyrtus tomentosa and Melastoma affine.
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Table 10. Transect for four major land use types in Huong Lien commune

Land Use Type

Annual crops

Home garden

Production forests

Natural forest

Elevation (m) 77-86 75-83 90 64 99
Slope 0-5° 5-10° 10° 30° 35
Ferralsol or alluvial Ferralsol Ferralsol Ferralsol
(plains) Heavy, average fertile severe erosion moist fertile
Moist, average fertile soil; severe erosion soils;
Soil soils light erosion
A: light B: heavy average dry soils A: heavy, B: moist,
erosion soail, soil dry, average fertile soils
severe moisture fertile soll
erosion
Hazards Floods, drought landslide
Annual crop Homestead, home Production forest Protected
A l-2 B:2 gardens 5-7 year rotations natural forest
harvests harvests 7-10 year rotations
per year per year
(upland);
1 harvest
(lowland)

“Short grasses”: paddy,

A: Trees: Aquilaria

B: Shrub and

Acacia trees

Shrub and tree

. 0 i .
peanut, maize, green with (i) grapefruit, 50% trees, 98% (same-age (mixed age),
Land Use and soybean, 95% monoculture), | 98%
Land cover (i) banana, maize, 70% 75 - 98%
A: B:
Rotation Intercrop
if fertile (peanut,
soll corn);
rotation
(peanut,
green soy)
Productivity (t/ha/ Paddy: 5 — 5.6; Peanut: Aquilaria: No harvest No harvest No harvest No harvest
season) 5-6 Grapefruit: 0.1t/ season yet
Maize: >4
Annual income VNDG6 — 7 million VND1 million (unstable) none _ none
VND 1.7 million (1 crop)
Pests stem-borer, brown plant Leaf-eating insects none none
hopper (rice)
Tenure Land use rights; Land Use Rights; Land use Land Use Land use
(Red Book) Red Book in process Red Book completed rights; Rights; rights
Red Book in Red Book (forest
process completed protection)

Source: Transect walk March, 2014
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Analyses

Land use change

There major change in land use in the commune between 2010 and 2013 was conversion of forestland
to agriculture crops (Table 11). The losses of forest and fruit trees (pomelo, lemon and orange) can be
compared with 26% increase in agricultural area (especially peanut and bean). Part of the conversion
relates to an attempt by the local government to limit the frequent impacts of rain disasters (landslides
and rock fall), to allocate less sensitive land in exchange for land on the unstable riverbanks starting in
20009.

Table 11. Land use types in Huong Lien commune 2010 and 2013

Land use type Area (ha) Change (ha)
(MONRE) 2010 2013
Annual crops 208.5 +55.0
Perennial crops/ trees 251.0 0
Short grass and shrub 219.9

Mixed bamboo and timber forest 348.7 0
Rich forest? 123.5 0
Medium forest? 748.4 0
Poor forest? 1697.2 0
Regeneration forest? 1152.8 -44.6
Plantation forest 131.4 -10.4
Lake (excl Ngan Sau river) 1.8 0
Built-up land 337.1 0
Total area 5220.3 0

@ Evergreen broadleaf or semi-deciduous forest

The three tables with statistical data (Table 2), land cover types (Table 7) and land use types (Table
11) are not directly comparable however several differences need further explanation. One such
example is that the land cover analysis identified 227 ha water surface including the Ngan Sau river,
while the land use classification only recognised the lake (1.8ha) and the river is excluded in the
analysis. The total areas vary with 210 ha (5010, 5103 and 5220 ha respectively). This depends on
that Ngan Sau river (appr. 225 ha) is not built-up land and therefore excluded in the land use map but

included in the automatic satellite image interpretation (compare Tables 6 and 10).

Moreover, the area with trees and grassland totals approximately 4600 ha in both the statistical data
and land use types, but reaches a maximum of 4343-4400 ha when adding relevant land cover types.
This depends on the land cover analysis categorises the actual vegetation structure not the actual

plant. In addition, area classified as forest land does not necessarily have a tree cover.

Lastly there is a considerable difference in the estimates for land associated with agriculture or annual
crops (380, 478 and 264 ha). The 478 ha for short vegetation as a land cover includes both grass or
crops. Assuming that 220 ha is grass as stated in Table 11 would leave 258 ha for crops, similar to the

land cover data. This makes the 120 ha difference between the statistical and land use type definitions
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curious. The difference likely depends on incompatible boundaries of Huong Lien commune land use

map and land cover map, so that some accuracy was lost in the image interpretations.

Participatory assessments during ground-truthing transect walks

The participatory assessments were done during the transect walk in three steps. First, the SWOT
analysis (Table 12) builds on a participatory assessment made during the transect walks (Table 10)
with strengths, weaknesses, opportunities and threats discussed in field. The exercise is finished with
concrete recommendations for reducing climate vulnerability. The SWOT adds to the more factual
transect table, farmers’ perceptions, thoughts, worries and hopes associated with the land uses, or
agro-ecosystems. In particular, we note their concerns over high pesticide consumption; meanwhile
pests are expected to increase as a consequence of climate change impacts. In addition, with the lack
of drought-tolerant varieties and frequent mentioning of losses related to natural disasters, many crops

seem unsuitable for the current climatic conditions.

Second, a range of weather events have notable impacts on all agro-ecosystems (Tables 5 and 12) and
are expected to increase in frequency and intensity. The risks include direct meteorological indicators
droughts, floods (both ends of rainfall extremes), hot dry winds and wet storms as well as the impacts
thereof. Such indirect risks include soil degradation, pests and mechanical damage causing crop
failures or reduced values of timber in addition to human and animal health risks. Strategies to adapt
to and for mitigating these risks may involve planting technologies, selecting stress-tolerant species,

sloping land technologies and landscape-scale planning and assessments.
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Table 12. SWOT analysis for four agro-ecosystem zones in Huong Lien commune

Agro-ecosystems

Strengths

Weaknesses

Opportunities

Threats

Paddy and
agriculture fields
(Point 1, village 1 &
point 6, village 4)

Good soils, flat land

Suitable for intercropping and crop rotation
Irrigated channel systems

Grazing banned (to protect from roaming animals)
Techniques for seed selection and fertiliser use
applied

Red Book

Permanent use of pesticides

No drought tolerant crops

Surface water easily contaminated
during heavy rainfall

Change to new more
economic crops

Switch from monoculture to
rotation (Point 6, Village 4)

More or new pests

Unstable production associated with
natural disasters (e.g. fragile
riverbanks, floods, droughts,
landslides)

Risk for water pollution (pesticides)

Home garden

Good drainage, soil suitable for Aquilaria
Safe water supply (ground-water)
Nearby residential areas eases transportation

Heavy gravelly and rocky soils, dry
soil, leaching during rains
Common pests and high pesticide
usage

Unstable productivity (pomelo,
vegetables)

Surface water easily contaminated
during heavy rainfall

Economic and species
diversification, e.g. plant
Aquilaria

Natural disasters (drought, hot dry
winds, storms, floods) affect
flowering, fruiting, wood breakage,
cause soil erosion

Uncertain market trends for
Aquilaria (slow-growing), risks being
harvested prematurely when
farmers are financially pressed

Plantation forest

Soils suitable for acacia

Water resources

No pesticide and fertiliser use

Trees require little maintenance

Red Book

Near residential areas on higher land that is not
flooded (Point 7, Village 4)

Soil erosion

Monoculture, no trees for
intercropping

Low investment capacity

Steep roads separated by the river
makes transport difficult (Point 7,
Village 4)

Switch to higher value species
(e.g. Aquilaria, rubber) if the
required investment can be
afforded

Stormfell and damage
Land degradation, nutrient leaching
with short forest cycles

Natural forest

Fertile soils

Natural water resources

High biodiversity

Generally ecosystem in balance

Forest degradation due to
overharvesting, construction and
mining activities

Some scars after natural disasters
(e.g. landslides, broken trees, forest
fires)

Protecting ecosystem balance
for local resilience

Natural disasters
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Third, the SWOT analysis was completed with a list of proposed recommendations per

agroecosystem that would lead to better adapted agroecosystems with the horizon of 2030s (Table

13). One particular challenge concerns water resources. Currently surface water (reservoirs, lakes

and streams) and groundwater (drilled wells or holes) is used for irrigation. Only groundwater is

considered safe for human consumption, as surface water is easily contaminated during the rainy

season. Moreover, both heavy and long duration light rains lead to landslides and leaching of

already nutrient poor soils, with soil particles accumulating in reservoirs and in the long run risking

to aggravate flood risk from reservoirs.

Table 13. Local suggestions for adapting to climatic impacts per agroeco system

Agroeco Proposed adaptation measures

system

Paddy and Adapt cropping systems, including converting agriculture land uses
agriculture Identify drought tolerant varieties

fields

Adjust farming calendar to avoid natural hazards
Promote economically and environmentally efficient crop rotations and intercropping

Limit pesticide use to prevent pesticide resistance in crops

Home gardens

Improve tree maintenance to avoid storm damage

Find an appropriate combination of Aquilaria and other species, that is both economically viable for
the household and environmentally viable, e.g. conserving soil moisture

Implement agroforestry
Replace unprofitable crops with more cost-effective ones

Cover the soils during the dry season to improve soil moisture storage (plastic och green mulching)

Forest
plantations

Contour planting to reduce soil erosion

Shelterbelts and better tree maintenance to reduce storm damage
Identify appropriate tree species to combine with acacia

Expand agroforestry

Complete land tenure processes (Red Book)

Natural forests

Maintain forest cover to enhance soil water holding capacity and control soil erosion into Ngan Sau
river

Strengthen forest protection, including biodiversity

Build a reservoir in Khe Co area to better regulate water flow (avoid flooding) and provide water
reserves

Improve water regulation from Ho Ho hydropower dam for irrigation and to avoid future flooding
disasters
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Discussion

Limitations of the study

This characterisation study of agroecological zones used satellite imagery, maps and local
knowledge. There are four main limitations of the study. (1) The naming of the agroecological zones
is very close to the land use categories although the two maps are different. The land use types
indicate the designated land uses, while the AEZ focus on actual natural conditions and vegetation
quality, which thus gives less coherent zones. As land use (especially for paddy land) is rather
regulated and the number of species quite limited, the land use and land cover maps are quite

concurring.

(2) Climate zones were not included due to too few meteorological stations for useful interpolation.
For such small area as a commune, elevation is likely to the biggest difference. To overcome this a
participatory microclimate/hazard mapping can complement the discussions during transect walks.
(3) The AEZ study contains one snapshot satellite image. The lack of NDVI time series data is
troublesome in that neither major vegetation changes were quantified nor soil quality changes
identified. The single map and census data time series therefore can give misleading differences in
forest cover (see Table 11). In this case the 2010-land use map was updated to represent 2013 with
the help of local informants, as well as land cover for the season that is not covered by the satellite
image. Similar to Lindstrédm et al. (2012), we find that ground-truthing and transect walks are
important guides to compensate some data limitations and for adding land use history. (4) The final
AEZ map was reduced to two distinct forest zones. A potential problem with this particular study is
that the unsupervised classification of NDVI satellite imagery resulted in ten land cover classes,
where particularly for forest quality classes not all could be verified on ground. This may have been
alleviated by time series data, but in its absence vegetation quality distinctions are entirely
dependent on participatory ground-truthing. Thus more transect walks would be required. Here,
further sub-zoning according to forest quality and species, should be particularly useful for
conservation priorities of natural forests and identifying sustainable management options for
plantation forests. Standardised methodologies for mixing conventional quantitative maps with
qualitative community mapping (McCall and Minang 2005) could be matched with e.g.
participatory carbon monitoring (Larrazabal et al. 2012) for assessing forest quality. This may serve

co-learning objectives and environmental awareness raising purposes.

Local knowledge and participatory ground-truthing

As result of this study the question arises, what is the smallest unit area for useful AEZ-
characterisation? For small areas such as a commune, agroecological zoning may benefit from

boundary conditions that are external to the target area or forced, pre-determined classification
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limits (e.g. slope and elevation classes). The participatory ground-truthing highlights two key
limitations of AEZ. First, unless the AEZ boundaries are based on a larger context, the AEZ classes
may be very local and incompatible when merged into e.g. province or national maps. Second,
unless socioeconomic indicators are included from start, the AEZ-categories exaggerate the
biophysical conditions. While this may be benefit top-down land use management
recommendations, at smaller scales such as a catchment, the trees and crops that are actually planted
are based on economic decisions or designated land use plans. The AEZ mapping requires two
separate steps for characterising current land use and recommending economically and

environmentally sustainable options.

The SWOT analyses highlight the case of high value tree recommended by policies and local
leaders. In this area Aquilaria and rubber are commonly seen as universal solutions to rural poverty.
However, not until the discussion with farmers about threats, it turns out that there is great
uncertainty about markets for Aquilaria. Similar to other provinces policies supporting one or two
high value species is promulgated based on the current economic demand and seemingly without
any market-value-chain assessment under near-future economic conditions (Simelton et al.
submitted-b). In addition to economic assessments, we recommend the the direct and indirect
climatic suitability of existing Aquilaria stands and the great supply of wild tree species is assessed

to help select a greater diversity of reforestation and higher value species.

Adaptation strategies by agro-ecological zones

The adaptation strategies (Table 13) suggested by farmers are muddled with expectations of higher
incomes. The SWOT provides a useful tool to scan farmers’ worries and expectations associated
with various land uses. We will highlight two examples where current strategies seem to be guided
by opportunism rather than careful impact assessments. Firstly, in addition to the uncertain markets,
very little is known about the climatic suitability range of Aquilaria, while for acacia markets are
known but payments relatively low. This is reflected in reluctance towards planting and that some
suggested assessing an appropriate ratio, or combination of Aquilaria and acacia. In contrast, we
note that the adaptation strategies for the home gardens are less conventional and more innovative
compared to the other three zones. Home gardens, which are unregulated by production quota,
protection regulations or availability of reforestation seedlings, are currently underutilised as
experimentation grounds for intercropping, tree domestication and nursery development, which all
could contribute to greater diversity. Studies from Africa confirm the potentials of farmer-led

domestication for rural economic development (Tchoundjeu et al. 2010).

Secondly, in terms of water regulation to control droughts and floods, suggestions included
constructing a reservoir in the protected natural forest area. This suggestion endures despite that a
severe flooding at Ho Ho hydropower dam already had caused major damages. One important role
of the Smart-Tree Invest project seem to be to show evidence for economic and ecosystem synergies

of upgrading the status of standing trees and biodiversity values, that integrate local needs and
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wishes. The problems with soil erosion and landslides are clearly allochtonous, e.g. compaction on
slopes causing slides onto lower lying fields. The study shows that planned and unplanned landscape
and catchment solutions exist already, however impacts are seldom tested or simulated beforehand.
Participatory mapping of risk zones and adaptation strategies could provide useful insights for
scenario modelling studies and include participatory monitoring of interventions (Vajjhala and
Walker 2009, Lindstréom et al. 2012, Nguyen et al. 2013b). We propose that participatory AEZ-

mapping can make a good baseline for interventions (Sutton et al. 2013).

In summary, participatory ground-truthing and mapping is a low-cost complement to quantitative
spatial assessments, such as census and satellite data, useful for

1. Adding quantitative information to snapshot images and/or narratives between snapshot
images of land use change - “the string that connects the pearls of metrics”
Deriving locally workable boundaries for agroecological zones
Identifying gaps between land use policy interventions and implementation
Monitoring and evaluations environmental assessments and risk maps

Disseminating and discussing adaptation scenarios

A

Educational and awareness-raising on natural resources/ecosystem services
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Conclusion

Local knowledge adds qualitative information that is important for ground-truthing of maps
especially when time series data is unavailable, for confirming past natural hazards and land use
history. Active local participation in ground-truthing can be contributing to raised awareness about

natural resource management and environmental impacts and adaptation strategies.

Agroecological characterisation can show the actual land use practices in contrast to the land use
planning maps. To maximise its usefulness and compatibility, clear reasoning for determining the

classes and a methodology for incorporating participatory information are needed.
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Appendix A

Supplementary maps and graphs
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Figure Al. Transect walk in Village 1 and 4, Huong Lien commune
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Appendix B

Figure 4
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Figure 4a(3). Topograhy
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