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Biodiversity, landuse, and people

Natural Disturbed Homegarden Plantation

1700- 3200 ane aln and cloud forest
C
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DFG project Kilimanjaro — Socioecological systems :
https://kili-ses.senckenberqg.de/ Disturbance and land use intensity
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Nature’s Contribution to
People

Nature's contributions to people
(NCP) are all the contributions, both
positive and negative, of living
nature (i.e. diversity of organisms,
ecosystems, and their associated
ecological and evolutionary
processes) to the quality of life for
people.

— Diaz et al 2018

Nature’s contribution to people

1Habitat creation and
~=» maintenance

2 Pollination and dispersal
of seeds and other
propagules

N
-t
e

s,

S 4 Regulation of climate
N2 5 Regulation of ocean
£ acidification

0‘6

3 Regulation of air quality

6 Regulation of freshwater
quantity, location and timing

7 Regulation of freshwater
and coastal water quality

8 Formation, protection and
decontamination of soils

9 Regulation of hazards and
extreme events

10 Regulation of detrimental
organisms and biological
processes

11 Energy

12 Food and feed

13 Materials and assistance

14 Medicinal, biochemical
and genetic resources

15 Learning and inspiration

16 Physical and psychological
experiences

E..

17 Supporting identities

H—* 18 Maintenance of options
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Global trends
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LEVE
CERT
Variable

« Extent of suitable habitat
« Biodiversity intactness

» Pollinator diversity

« Extent of natural habitat in
agricultural areas

« Retention and prevented emissions of
air pollutants by ecosystems

« Prevented emissions and uptake of
greenhouse gases by ecosystems

« Capacity to sequester carbon by
marine and terrestrial environments

« Ecosystem impact on
air-surface-ground water partitioning

« Extent of ecosystems that filter or add
constituent components to water

» Soil organic carbon

+ Ability of ecosystems to absorb and buffer
hazards

« Extent of natural habitat in agricultural
areas

« Diversity of competent hosts of
vector-borne diseases

« Extent of agricultural land—potential
land for bioenergy production

« Extent of forested land

« Extent of agricultural land—potential
land for food and feed production
« Abundance of marine fish stocks

« Extent of agricultural land—potential
land for material production
« Extent of forested land

« Fraction of species locally known and used
medicinally

« Phylogenetic diversity

« Number of people in close proximity to
nature
« Diversity of life from which to learn

« Area of natural and traditional
landscapes and seascapes

« Stability of land use and land cover
« Species' survival probability
« Phylogenetic diversity

@ Vel established

LS OF Established but incomplete

AINTY
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Environment and health

* Hygiene hypothesis
 Biodiversity Hygiene hypothesis
« (von Hertzen et al 2011)
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Fig 1 | Two global megatrends in biodiversity and public health. (A) Declining biodiversity since 1970
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as measured by three indices. LPI, Living Planet Index; WBI, World Bird Index; WPSI, Waterbird

Population Status Index (Butchart et al, 2010). (B) Increasing trends in the prevalence of inflammatory
diseases. Asthma and allergic rhinitis among military conscripts from 1966 to 2003 (Latvala et al, 2005)

are shown as an example.
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Global Burden of diseases- Communicable, neonatal, maternal &
nutritional diseases

DALY rates from communicable, neonatal, maternal & nutritional diseases,
2019

Age-standardized DALY (Disability-Adjusted Life Year) rates per 100,000 individuals from communicable diseases. DALYs are
used to measure total burden of disease - both from years of life lost and years lived with a disability. One DALY equals one
lost year of healthy life.
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Source: IHME, Global Burden of Disease CC BY
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Communicable, neonatal, maternal & nutritional diseases

DALY rates from communicable, neonatal, maternal & nutritional diseases,
1990 to 2019 .

Age-standardized DALY (Disability-Adjusted Life Year) rates per 100,000 individuals from communicable diseases. DALYs are
used to measure total burden of disease - both from years of life lost and years lived with a disability. One DALY equals one
lost year of healthy life.
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Global burden of Non-communicable Diseases

DALY rates from non-communicable diseases (NCDs), 2019

Age-standardized DALY (Disability-Adjusted Life Year) rates per 100,000 individuals from non-communicable
diseases (NCDs). DALYs are used to measure total burden of disease - both from years of life lost and years lived

with a disability. One DALY equals one lost year of healthy life.
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Source: IHME, Global Burden of Disease ccBY
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Non communicable diseases In Tanzania

DALY rates from non-communicable diseases (NCDs), 1990 to 2019

Age-standardized DALY (Disability-Adjusted Life Year) rates per 100,000 individuals from non-communicable
diseases (NCDs). DALYs are used to measure total burden of disease - both from years of life lost and years lived
with a disability. One DALY equals one lost year of healthy life.
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Work packages

« WP1

Investigating the association of environmental and socioeconomic
drivers with different health indicators in the Kilimanjaro region

« WP2
Environmental drivers of Asthma in the Kilimanjaro region
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Kilimanjaro region
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WP1

Objectives

» Does the percentage of communicable and non-communicable diseases differ between an urban
and a rural area (/semi-urban)

« and are those differences driven by socioeconomic and/or environmental drivers

Status

Years in focus — 2018, 2019, 2020 (and 2021)
District-level data collection — Ongoing
Environmental variables - Ongoing

Methods and analysis — Ongoing

The following graphs are all based on currently available data
Moshi urban — 2019
Siha district - 2020
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Demographics

Age groups

60+
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15-49
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Moshi 2019

N Siha 2020
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Percent Population

Gender

Male
Female

12

District

Moshi
Urban

Siha

Total

Population
2019 230,784

2020 141,568
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Health indicators in the study

Health indicators Moshi Urban (2019)

Birth rate (per 1000)
Neonatal mortality rate(per

1000) 230

Maternal mortality rate(per
1000) 31
Average life expectancy (years) 65

Access and use of medication/
prescribed medication
(percent) 100%

13

Siha (2020)
2.2

154.75
61
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Socio economic variables

Socioeconomic data
Number of households with
refrigerators
Number of households with
TVs or similar
Household income
Number of cars
Number of motorbikes
Unemployment rate
People per household
Cellular phones
No. of registered sim cards

14

Moshi Urban (2019)

Siha (2020)
8848

26544
2504

4
/03448
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Healthcare access variables

Healthcare Moshi Urban
access (2019)
Number of pharmacies 15
Number of hospitals 5
Number of hospital beds 220257

Number of doctors (Bachelor
degree, Masters degree)
Number of clinical officers

15

Siha (2020)

450

24
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Top 10 OPD - Outpatient department

16

Moshi Urban

Siha

Top 10 OPD for 2019-Moshi

Upper Respiratory Infections

Urinary Tract Infections

Hypertension

Pneumonia, Severe & Non Severe

Diabetes Mellitus

Il Defined Symptoms (No Diagnosis)

Rheumatoid And Joint Diseases

Other Non-Infectious GIT Diseases

Dental Caries

Peptic Ulcers

5

10
Percent

15

Top 10 OPD for 2020- Siha

Pneumonia, Respiratory Infections

Urinary Tract Infections

intestinal worm Severe & Non Severe

Diarrhea

Rheumatoid And Joint Diseases

Other Non-Infectious GIT Diseases

Skin disease, Non-Fungal

Il Defined Symptoms (No Diagnosis)

Other surgical condition

2.5 5.0 7.5 10.0 12.§
Percent

c.
o
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Top 10 IPD- inpatient department

Moshi Urban Siha
Pneumonia, Severe & Non Severe Upper Respiratory Infections -
Urinary Tract Infections Pneumonia, Severe & Non Severe -
Diabetes Mellitus Urinary Tract Infections -
2 Hypertension E Malaria (BS +VE, Mrdt+ve &Clinical) .
& ]
2 &
-y Upper Respiratory Infections % Hypertension l
P S
> a
o Peptic Ulcers o Acute Diarrhoea (<14Days) l
[a] =)
< o
4 Psychoses 2 Peptic Ulcers I
o
=
Anaemia,Severe&Mild/Moderate Anaemia,Severe&Mild/Moderate I
Malaria (BS +VE, Mrdt+ve &Clinical) Diabetes Mellitus I
Acute Diarrhoea (<14Days) Gynaecological Disease I
0 25 50 75 100 0 25 50 75 100
Percentage of IPD Percentage of IPD
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Communicable diseases

18

Moshi Urban

Siha

Communicable diseases for 2020-Siha

Diarhea

Dysentery

Typhoid

Influenza

Rabies

Acute Flaccid Paralysis
Meningitis
Onchoceriasis

Viral Haemorrhagic Fever
Measles

Cholera
Schistosomiasis

Trypanosomiasis

Communicable diseases for 2019-Moshi Urban

[

250
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Number of cases
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1000

Typhoid
Dysentery
Influenza

Diarhea
Schistosomiasis
Rabies
Meningitis
Trypanosomiasis
Acute Flaccid Paralysis
Cholera

Measles
Onchoceriasis

Viral Haemorrhagic Fever
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Number of cases
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Non communicable diseases

Moshi Urban

Siha

Non communicable diseases for 2019-Moshi Urban

Respiratory infections

Hypertension

Diabetic

Psychotic disorders

Epilepsy

Cardiovascular

Neurosis

Manutrition

Substance Abuse

Neoplasma/cancer

25 50
Percent

75

100

Non communicable diseases for 2020-Siha

Respiratory infections

Hypertension

Diabetic

Epilepsy

Cardiovascular

Neurosis

Neoplasma/cancer

Psychotic disorders

Manutrition

Substance Abuse

0 25

50 75 100
Percent
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Environmental factors undertaken in the study

20

Altitude « Wind speed
Greenness o » Main crops grown
Avg no. of days with rainfall /per year . Land use

Avg no. of days with sunshine/per year
Mean temperature/per year

Seasonal temperature

Soil microbe for Kilimanjaro

Distance from water bodies /main source
of water

Air quality index

Wind direction

Size of agricultural plots

No. of industries per area

No. of small scale industries

No. of large scale industries

No. of gas stations in the district
No. of main roads

Traffic capacity per area
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Climatic variables

Siha

Moshi Urban

EEROOO

169-
196-223
223-25
25-217
277-304

precipitation (mm)

average temperature (°C)

474-64.
642-811
81.1-979
979-115
115-132

129-162
16.2-19.5
19.5-227

wind speed (m s-1)

precipitation (mm)

EEROOO

242-2862
262-282
2.82-302

549-617
61.7-685
685-75.3
75.3-821
821-889

EEOO0O

223-227
227-231
231-235

=8

BEEOONO

116-15
15.1-18.5
18.5-22
22-254
254-288

=3 s a7

minimum temperature (°C)

73

=3

solar radiation (kJ m-2 day-1)

temperature (°C)

minimum temperature ("C)

116-15
15.1-18.5
18.5-22
22-254
254-288

15800 - 16200
16200 - 16600
16600 - 17100
17100 - 17500
17500 - 18000

-

EEOOO

EEOOO

=5

=5 w0 B2 w2 s

s

21
WorldClim data (~1km) (https://www.worldclim.org/data/worldclim21.html )

Philipps f

279-283 279-283 16100 - 16400
28.3-287 283-287 16400 - 16600
28.7-291 28.7-291 16600 - 16800
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https://www.worldclim.org/data/worldclim21.html

Topographic variables

Elevation
Siha district

2,807
1,211

Elvation
Moshi Urban District

1,009
748

22

ASTER DEM (30m) (https://asterweb.|pl.nasa.gov/gdem.asp)

Philipps { Universitat
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https://asterweb.jpl.nasa.gov/gdem.asp

Road Network

Siha District Moshi Urban
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~ Rau National Forest / trunk
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Roads SR . . Moshi Rural .
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Gas stations

% Gas stations
[ siha district

3 Moshi Urban 0 10 Sikm

24
OpenStreetMap https://www.openstreetmap.org
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https://www.openstreetmap.org/

Land use

25
https://land.copernicus.eu/

Copernicus landcover

. M No data
[ Shrubland
[ Herbaceous vegetation
[ Cropland
I Built up

. [[7] Bare/sparse vegetation
[ Snow & ice
Il Permanent waterbodies
I Herbaceous wetland
I Moss and Lichen

I Closed forest, evergreen ! :

needle lea

I Closed forest, evergreen,

broad leaf
. [ Closed forest, deciduous
needle leaf
- I Closed forest, deciduous
0 broad leaf
I Closed forest, mixed
- [l Closed forest, unknown

s
5P

I Open forest, evergreen
*ﬁ needle leaf
*f_" [ Open forest, evergreen
2 broad leaf
. [ Open forest, deciduous
g needle leaf
[ Open forest, deciduous
broad leaf
[ Open forest, mixed
I Open forest, unknown
Il Water body

0

g

BEEE uxm&!( 5

Copernicus data (100 m, 2019)
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https://land.copernicus.eu/

Soil grids data (250 m resolution)

26

https://www.isric.org/projects/africa-soil-profiles-database-afsp

Soil classes
L

.+ I Acrisols

- [ Andosols
70 [ Arenosols
[ calcisols
. I Cambisols
12" 7 Ferralsols
7 0 Fluvisols
=4 M Gleysols
I Leptosols
¥ Il Lixisols
4% [ Luvisols
- [ Nitisols

" [ Regosals

"~ I Solonschaks g
i [ Solonetz “ﬂi
7 vertisols y,

G Iy :& (-
) g U

-

Dominant soil classes
Cambisols
Andosols
Ferrasols
Vertisols

Acrisols

ahkhwbhE
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https://www.isric.org/projects/africa-soil-profiles-database-afsp

NDVI — To measure greenness (10 m resolution)

NIR — Red
NIR + Red

NDVI =

NDVI
Band 1 (Gray)

0.997199
-0.633663

27 Philipps

https://sentinel.esa.int/ %

) Universitit Kilimanjaro and Marburg | 14.07.2022



https://sentinel.esa.int/

Air quality and wind direction

* To be collected from Tanzanian Meteorological Agency
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Potential statistical analysis

« Chi square test
* Mixed effect models

29
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WP2

Objectives

« assessing the epidemiological characteristics of asthmatic patients,

e comparing rural and urban asthmatic patients,

 elucidating associations of living conditions on asthma symptoms, in order to
« better understand the environmental drivers of Asthma pathogenesis

Status

Years in focus — 2018, 2019, 2020 (and 2021)

Patient data collection — to be collected (August-September 2022)
Environmental variables - Ongoing

Methods and analysis — Ongoing

30 Kilimanjaro and Marburg | 14.07.2022




Data collection

Adults
N =80

v

Rural lifestyle
N =40

Y

Non atopic / non
asthmatic controls
N =20

31

v

Asthmatic
N=20

Philipps

y

Urban lifestyle
N =40

Y

Non atopic / non
asthmatic controls
N =20

Y

Asthmatic
N =20
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POSSIBILITIES

Finding relationships between environmental factors and the incidence of a given (non-communicable) disease.

32

A

American
Diabetes
. Association.

Publications Q ‘ Searct Diabetes Care 4 C

Diabetes CaI‘e Current « Browse Info & About + Podcasts Subsc

Volume 44, Issue 7 EPIDEMIOLOGY / HEALTH SERVICES RESEARCH | MAY 05 2021 |

Muli2oa Land Cover of Early-Life Environment Modulates the Risk of Type 1
Diabetes G5

Noora Nurminen; Damiano Cerrone; Jussi Lehtonen; Anirudra Parajuli; Marja Roslund; Maria Lénnrot; Jorma llonen; Jorma Toppari;
Riitta Veijola; Mikael Knip; Juho Rajaniemi; Olli H. Laitinen; Aki Sinkkonen; Heikki Hy6ty &

'.) Check for updates

Corresponding author: Heikki Hyoty, heikki.hyoty@tuni.fi
Diabetes Care 2021;44(7):1506-1514
https://doi.org/10.2337/dc20-1719  Article history &

[P spiit-Screen = Views ~ f) PDF ol Share v @G Cite (€ GetPermissions
OBJECTIVE
< Previous Article Next Article > Environmental microbial exposures have been implicated to protect against immune-mediated
. diseases such as type 1 diabetes. Our objective was to study the association of land cover around the
Article Contents . ; ; : ; : :
early-life dwelling with the development of islet autoimmunity and type 1 diabetes to evaluate the role
Introduction of environmental microbial biodiversity in the pathogenesis.

) Universitit Kilimanjaro and Marburg | 14.07.2022

Philipps "
Marburg



Analysis using spatial buffers

4

West Kilimanjaro Airport

Siha District

Moshi Airport

@ location_participants
A airport
[ moshi_urban
[ moshi
[ siha_district
Tanzania Road Network

Kilimanjaro International Airport

Moshi District

Selected buffers — 30m, 50m, 100m, 150m, 200m,
250m, 500m, 1000m and 1500m

Buffer with 30 m radius

o
i ¢
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Demo land-use analysis with sample data
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% of Agricultural land within a given radius
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% of Urban land within a given radius
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37

Diversity of land uses (Shannon-Weiner index)
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Association analysis through environmental interaction

Macro-weather
conditions

Localized-weather
conditions (pressure,
rainfall, humidity)

Wind direction

(transporting materials,

dust, pollen etc.)
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Our role: Understanding the mechanisms of developing the disease and finding spatial predictors

Discussion

» Detail the mechanisms

— Define predicting variables

— What are the working assumptions? Why and what environmental factors may increase the incidence?
« Data quality

— Verifying the quality and consistency of the medical data captured during the study

— Assuring correct data classification

— Define temporal limits (when in life we expect the development of the disease)
« Spurious correlations

— Using wrong variables

— Wrongly translating the mechanism into spatial indicators (Eg. At what distance an environmental factor
would affect the subject. At what distance a forest from a person’s home, has an effect on the disease
mechanism?)

— Unknown variables
« How would an ideal dataset look like
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